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SUBJECT:  Renewables  and  Energy  Efficiency  Planning  Study  (REEP) 


1.  Reference  memorandum,  CEHSC-FU-M,  1  June  1992,  subject:  Renewables  and 
Energy  Efficiency  Planning  Study  (REEP)  -  Study  Directive. 

2.  Referenced  memorandum  requested  that  the  U.S.  Army  Concepts  Analysis  Agency 
(CAA)  develop  and  apply  an  analytical  methodology  for  evaluating  the  economic 
potential  for  investment  in  energy  efficiency  and  renewable  energy  in  Army  facilities. 

3.  This  final  report  documents  the  results  of  our  analysis  and  incorporates  your 
comments  on  the  final  draft  report  received  29  December  1993.  The  methodology 
provides  a  logical  framework  for  integrating  and  analyzing  U.S.  energy  and 
environmental  policy,  Army  energy  and  environmental  goals,  Army  programming  and 
budgeting,  and  public  and  private  sector  funding.  The  core  of  the  REEP  methodology  is 
a  multiobjective  mathematical  programming  model  that  can  quickly  generate  and 
analyze  optimal  renewable  energy  and  energy  efficiency  investment  strategies  for 
Army  facilities  on  an  annual  basis  through  FY  2005.  The  model  maximizes  cost, 
energy,  load,  and  pollutant  savings  for  individual  or  combinations  of  renewable  and 
conservation  investments  while  explicitly  considering  budget  constraints,  energy  and 
environmental  goals,  and  economies  of  scale.  The  executive  summary  found  in  the 
report  provides  an  overview  of  the  entire  study. 

4.  CAA  expresses  appreciation  to  all  staff  elements  and  agencies  which  have 
contributed  to  this  study.  Questions  and/or  inquiries  should  be  directed  to  the 
Assistant  Director,  Force  Systems  Directorate,  U.S.  Army  Concepts  Analysis  Agency, 
8120  Woodmont  Avenue,  Bethesda,  MD  20814-2797,  DSN  295-5289. 
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SUMMARY 

C  AA-SR-93-7 

1  1 

THE  REASON  FOR  PERFORMING  THIS  STUDY  was  to  develop  and  apply  an 
analytical  methodology  for  evaluating  the  economic  potential  for  investment  in  energy 
efficiency  and  renewable  energy  at  Army  facilities. 

THE  SPONSORS  were  the  Assistant  Chief  of  Engineers,  Department  of  the  Army,  and  the 
Associate  Chief  of  Engineers  for  Strategic  Initiatives,  US  Army  Corps  of  Engineers. 

THE  OBJECTIVES  were  to: 

(1)  Estimate  the  energy  and  cost  savings  that  could  result  from  economic  investment  in 
energy  efficiency  and  renewable  energy  in  Army  facilities  at  selected  sites. 

(2)  Estimate  the  costs  associated  with  the  economic  investment  in  renewable  energy  and 
efficiency  in  Army  facilities. 

(3)  Identify  potential  sources  of  funding  for  energy  efficiency  and  renewable  energy 
investment  in  Army  facilities. 

(4)  Develop  and  evaluate  investment  strategy  alternatives  for  undertaking  economic 
investment  in  Army  facilities. 

THE  SCOPE  OF  THE  STUDY  was: 

(1)  The  timeframe  of  the  analysis  was  fiscal  year  (FY)  1994  -  FY  2005.  Initially,  the 
analysis  was  to  address  the  period  FY  1993  -  FY  2010.  However,  with  the  passage  of  the 
Energy  Policy  Act  of  1992  (EPACT),  emphasis  shifted  to  an  energy  conservation  opportunity 
(ECO)  investment  strategy  for  the  period  FY  1994  -  FY  2005. 

(2)  The  study  considered  49  US  Army  facilities  in  the  continental  United  States  (CONUS) 
with  annual  utility  bills  greater  than  $5  million. 

(3)  The  study  considered  renewable  energy  and  energy  efficiency  technologies  and 
measures  that  were  in  the  research,  development,  demonstration,  and  commercialization  phases 
of  the  product  life  cycle. 

(4)  The  study  examined  application  of  ECO  retrofit  measures  only. 

(5)  Both  public  and  private  sector  funding  sources  were  examined  for  ECO  investment. 

THE  APPROACH  used  in  the  study  was  to  first  estimate  the  amount  of  commercially 
available  energy  efficiency  and  renewable  energy  investment  for  retrofit  applications  that  would 
be  economically  feasible  at  49  major  Army  sites  in  CONUS.  A  multiobjective  mathematical 
programming  model  was  then  developed  that  quickly  generates  and  analyzes  optimal  energy 
efficient  and  renewable  energy  investment  strategy  for  Army  facilities  on  an  annual  basis 
through  FY  2005.  The  REEP  methodology  was  demonstrated  in  support  of  the  Army  response 
to  key  provisions  of  the  recently  enacted  Energy  Policy  Act. 

THE  PRINCIPAL  FINDINGS  AND  IMPLICATIONS  OF  THIS  STUDY  were 
that: 

(1)  The  REEP  methodology  provides  a  logical  approach  for  analyzing  and  integrating  US 
energy  and  environmental  policy,  Army  energy  and  environmental  goals,  Army  programming 
and  budgeting,  and  public  and  private  sector  funding.  It  provides  Army  energy  decisionmakers 
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and  policy  analysts  with  a  much  needed  capability  to  more  accurately  and  responsively  develop 
and  evaluate  energy  investment  programs  that  are  analytically  defensible  and  credible.  The 
methodology  is  inherently  flexible  and  transferable  such  that  it  can  readily  incorporate  changes 
in  data  ana  analytic  tools.  > 

(2)  The  economic  potential  for  investment  in  47  ECO  at  49  major  US  Army  facilities  in 
CONUS  is  16,823,804  millions  of  British  thennal  units  (Mbtu)  of  annual  energy  reduction, 
724,128  kilowatts  (kW)  of  demand  reduction,  $249,446,020  of  annual  cost  savings,  and 
2,415,337  short  tons  (STON)  of  annual  pollution  reduction.  This  potential  must  be  captured  as 
a  requirement  of  EPACT  which  mandates  all  ECO  with  paybacks  of  10  years  or  less  be 
implemented  at  Federal  facilities  by  2005.  The  49  facilities  consume  about  three-quarters  of  the 
energy  consumed  at  CONUS  facilities  or  approximately  one-half  of  facility  energy  usage 
Armywide.  It  is  likely  that  much  of  this  potential  would  be  transferable  to  most  of  the  other 
sites  in  the  Army,  since  the  ECO  identified  are  commercially  available  and  largely  standard. 

(3)  The  annual  cost  savings  of  $249,446,020  generated  from  implementing  the  47  ECO  at 
the  49  sites  provides  direct  economic  benefits  to  both  Army  installations  and  the  US  Treasury. 
This  occurs  because  Army  policy  requires  one-third  of  the  cost  savings  to  be  reinvested  in 
additional  ECO,  one-third  to  be  invested  in  installation  quality  of  life  measures  (which  could 
also  be  additional  ECO),  and  one-third  to  the  US  Treasury.  This  policy  further  supports  the 
EPACT  provision  requiring  reinvestment  of  ECO  cost  savings.  Cost  savings  accrued  from 
these  ECO  not  only  pay  for  themselves,  but  additionally  serve  as  a  source  of  revenue  that  could 
be  used  for  other  applications,  such  as  reducing  the  Federal  budget  deficit.  Utilities  and  their 
customers  would  also  benefit  in  that  the  need  for  expensive  new  plant  construction  could  be 
deferred. 

(4)  Approximately  19  percent  of  the  annual  energy  savings  produced  by  the  ECO  is 
attributable  to  reduced  oil  consumption  at  Army  facilities  and  servicing  electric  utilities.  This 
decrease  in  oil  use  equates  to  about  503,598  barrels  per  year.  Currently,  about  42  percent  of  oil 
products  supplied  in  the  US  is  imported.  Applying  this  percentage  to  the  oil  savings  calculated 
for  the  47  ECO  at  the  49  CONUS  sites,  21 1,511  less  barrels  of  oil  would  need  to  be  imported 
if  all  the  ECO  were  implemented.  Reducing  oil  imports  directly  contributes  to  a  reduction  in  .he 
US  trade  deficit.  It  also  strengthens  national  security  by  reducing  US  dependence  on  potentially 
unstable  foreign  sources  of  energy.  Decreasing  US  dependence  on  oil  imports  also  contributes 
to  reducing  the  US  military's  requirements  for  protecting  the  supply  routes  used  to  import  oil. 

(5)  The  reduction  in  annual  pollutant  emissions  of  2,415,337  STON  resulting  from  ECO 
implementation  provides  significant  environmental  and  health  benefits  to  the  populations  of  the 
49  facilities  and  nearby  communities  (including  those  near  the  servicing  utilities).  Pollution 
abatement  also  generates  considerable  economic  benefits,  such  as  a  decrease  in  cost 
requirements  for  cleaning  up  polluted  air  and  water  resources  "after  the  fact."  Other  examples 
of  monetary  benefits  from  pollution  reduction  include  decreases  in  both  health  care  costs  and 
the  costs  utilities  incur  in  meeting  environmental  standards  prescribed  by  law. 

(6)  The  47  ECO  evaluated  in  this  study  constitute  a  sample  of  the  technologies  that  could 
substantially  reduce  Army  energy  consumption,  save  dollars,  and  reduce  pollutant  emissions. 
Other  available  opportunities  include  water  conservation  technologies,  which  are  now  regarded 
as  energy  conservation  opportunities  per  direction  from  EPACT;  new  building  construction  in 
addition  to  retrofit  applications  examined  in  this  study;  and  increased  investment  in  energy 
efficiency  and  renewables  beyond  the  ECO  identified  in  this  study. 

THE  STUDY  EFFORT  was  directed  by  Mr.  Steven  B  Siegel,  Force  Systems  Directorate, 
US  Army  Concepts  Analysis  Agency  (CAA). 

COMMENTS  AND  QUESTIONS  should  be  sent  to  the  Director,  US  Army  Concepts 
Analysis  Agency,  ATTN;  CSCA-FSR,  8120  Woodmont  Avenue,  Bethesda,  MD  20814-2797. 
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RENEWABLES  AND  ENERGY  EFFICIENCY  PLANNING  (REEP)  STUDY 

CHAPTER  1 

EXECUTIVE  SUMMARY 


1-1,  PURPOSE.  The  purpose  of  the  Renewables  and  Energy  Efficiency  Planning  (REEP) 
Study  was  to  develop  and  apply  an  analytical  methodology  for  evaluating  the  economic 
potential  for  investment  in  energy  efficiency  and  renewable  energy  at  Army  facilities. 

1-2.  BACKGROUND 

a.  The  Army  requires  a  quick  turnaround  decision  support  capability  that  can  evaluate 
renewable  energy  and  energy  efficiency  investment  issues.  The  requirement  for  this 
capability  is  based  upon  the  increasingly  complex  nature  of  analyzing  the  potential  for 
renewable  energy  and  energy  efficiency  in  the  Army  when  considering  factors  such  as  energy 
system  costs  and  performance,  policy  requirements,  alternative  sources  of  funding,  budget 
constraints,  the  industrial  base,  environmental  considerations,  and  institutional 
characteristics.  An  analytical  methodology  that  could  logically  incorporate  these  factors  in 
support  of  the  energy  investment  decisionmaking  process  in  the  Army  was  developed  and 
applied  in  the  study. 

b.  The  Energy  Policy  Act  of  1992  (P.L.  1 02-486)  (EPACT)  was  enacted  to  increase  the 
use  of  renewable  energy  and  energy  efficiency  in  the  industrial,  commercial,  residential,  and 
Federal  sectors  of  the  economy.  Key  provisions  in  the  Act  require: 

•  All  energy  efficiency  and  renewable  energy  measures  in  Federal  facilities  that  have 
a  payback  of  10  years  or  less  be  implemented  by  2005,  and 

•  The  reduction  in  energy  use  per  square  foot  by  20  percent  during  the  period  1985- 
2000  (same  as  Executive  Order  12759,  17  April  1991)  for  Federal  buildings  and 
facilities. 

Other  EPACT  provisions  that  affect  renewable  energy  and  energy  efficiency  investment  in 
the  Army  are  the  increasing  use  of  energy  performance  contracts,  participation  in  utility 
demand  side  management  programs,  and  reducing  pollutant  emissions  due  to  energy 
production.  Subsequent  to  the  enactment  of  EPACT  (which  occurred  about  midway  through 
the  study),  evaluating  the  feasibility  of  using  the  REEP  methodology  to  address  the 
provisions  of  EPACT  became  a  high  priority  of  the  study. 

c.  Study  Sponsors.  The  Assistant  Chief  of  Engineers,  Department  of  the  Army,  and  the 
Associate  Chief  of  Engineers  for  Strategic  Initiatives,  United  States  (US)  Army  Corps  of 
Engineers,  are  the  study  sponsors  (REEP  study  directive  included  at  Appendix  B). 

1-3.  SCOPE.  The  fundamental  scope  of  REEP  is  outlined  below.  More  specific  parameters 
and  assumptions  are  identified  in  Chapter  3  with  the  various  case  analyses  in  which  they 
apply. 

a.  The  timeframe  of  the  analysis  was  fiscal  year  (FY)  1994-FY  2005.  Initially,  the 
analysis  was  to  address  the  period  FY  1993-FY  2010.  However,  with  the  passage  of  EPACT, 
emphasis  shifted  to  analyzing  energy  conservation  opportunity  (ECO)  investment  strategy  for 
the  period  FY  1 994-FY  2005. 
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b.  The  study  considered  49  US  Army  facilities  in  the  continental  United  States  (CONUS) 
with  annual  utility  bills  greater  than  $5  million. 

c.  The  study  considered  renewable  energy  and  energy  efficiency  technologies  and 
measures  that  were  in  the  research,  development,  demonstration,  and  commercialization 
phases  of  the  product  life  cycle. 

d.  The  study  examined  application  of  ECO  retrofit  measures  only. 

e.  Both  public  and  private  sector  funding  sources  were  examined  for  ECO  investment. 

1-4.  OBJECTIVES 

a.  Estimate  the  energy  and  cost  savings  that  could  result  from  economic  investment  in 
energy  efficiency  and  renewable  energy  in  Army  facilities  at  selected  sites. 

b.  Estimate  the  costs  associated  with  the  economic  investment  in  renewable  energy  and 
efficiency  in  Army  facilities. 

c.  Identify  potential  sources  of  funding  for  energy  efficiency  and  renewable  energy 
investment  in  Army  facilities. 

d.  Develop  and  evaluate  investment  strategy  alternatives  for  undertaking  economic 
investment  in  Army  facilities. 

1-5.  METHODOLOGY 

a.  Overview.  The  methodology  used  to  conduct  the  REEP  Study  is  illustrated  by  Figure 
1-1.  This  methodology  was  designed  for  developing  and  evaluating  optimal  ECO  investment 
str  tegies  in  the  Army.  The  methodology  provides  an  integrated  engineering,  financial,  and 
economic  approach  for  addressing  the  major  issues  associated  with  the  formulation  and 
analysis  of  these  strategies.  The  ordering  of  the  tasks  indicates  the  general  sequence  of  task 
execution.  In  some  cases,  tasks  were  performed  simultaneously.  For  example.  Task  1  --which 
involved  the  identification  and  evaluation  of  ECO--was  conducted  throughout  the  study. 

b.  Task  1-Estimate  Remaining  Economic  Potential  of  ECO.  This  task  first  entailed 
estimating  the  amount  of  commercially  available  ECO  investment  for  retrofit  applications 
that  were  technically  feasible  at  49  major  Army  sites  in  CONUS.  The  term  “ECO"  is  defined 
in  this  study  to  include  both  energy  efficiency  and  renewable  energy  technologies.  Detailed 
site-specific  ECO  characteristics  such  as  investment  costs,  energy,  demand  and  cost  savings, 
and  reductions  in  pollutant  emissions  were  developed  by  the  US  Army  Construction 
Engineering  Research  Laboratory  (CERL)  for  all  ECO.  From  these  technically  feasible  ECO. 
economically  feasible  ECO  were  then  specified  using  a  10  year  simple  payback  (per 
EPACT).  Other  criteria  (e.g.,  net  present  value)  for  determining  economic  feasibility  could 
be  used  depending  upon  the  context  of  the  analysis.  The  total  number  of  existing 
economically  feasible  ECO  were  adjusted  using  market  penetration  surveys  of  Army  energy 
experts  to  determine  the  amount  of  ECO  investment  already  implemented.  The  cost,  energy, 
and  demand  savings  and  pollutant  reduction  that  would  result  from  investing  in  ECO  that 
have  not  been  imple  mented  to  date  constituted  the  remaining  economic  potential. 
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Task  2 


Figure  1-1.  REEP  Methodology 


c.  Task  2-ldentify  and  Describe  Sources  of  Financing.  This  task  identified  and 
described  potential  sources  of  funds  for  investment  in  Army  ECO.  Sources  of  ECO  finance 
that  were  examined  included  governmental  programs  as  well  as  private  institutions  such  as 
utilities  and  energy  service  companies.  The  principal  purpose  of  this  task  was  to  identify  the 
terms  and  conditions  (such  as  dollar  limitations  and  required  payback  periods)  of  using  the 
different  potential  funding  sources  for  ECO  investment.  The  terms  and  conditions  identified 
were  then  used  to  formulate  budget  constraints  required  by  the  investment  model  developed 
in  Task  3. 

d.  Task  3-Build  and  Test  a  REEP  Investment  Model  (RIM).  This  task  involved 
designing,  building,  and  testing  a  multiobjective  linear  programming  model-RIM.  The 
model  maximizes  cost,  energy,  and  load  savings  and  pollutant  reduction  for  individual  or 
combinations  of  renewable  and  conservation  investments,  while  explicitly  considering 
budget  constraints,  energy  and  environmental  goals,  and  economies  of  scale.  RIM  develops 
and  analyzes  optimal  renewable  energy  and  energy  efficiency  investment  strategies  at  US 
Army  facilities  on  an  annual  basis  (i.e.,  what  to  buy,  how  many,  where,  and  when). 

e.  Task  4-Develop  and  Evaluate  Investment  Strategy.  This  task  demonstrated  and 
applied  RIM  to  a  variety  of  policy  and  programmatic  issues.  The  principal  issues  that  were 
evaluated  included: 

•  What  should  the  investment  strategy  be  for  a  sample  of  16  ECO  specified  at  US 
Army  facilities  in  CONUS  that  maximizes  cost  savings  and  can  be  implemented 
completely  by  FY  2005? 

*  What  should  the  investment  strategy  be  for  47  ECO  specified  at  US  Army  facilities 
in  CONUS  that  maximizes  cost  savings  and  can  be  implemented  completely  by  FY 
2005? 

The  last  issue  served  as  a  “base  case,”  s.nce  it  considered  the  total  number  of  economically 
feasible  ECO  identified  in  the  REEP  Study  and  is  in  accordance  with  EPACT  and  Army 
energy  policy. 


1-3 


CAA-SR-93-7 


1-6.  FINDINGS  AND  IMPLICATIONS.  The  benefits  to  be  derived  in  using  the  REEP 
methodology  for  energy  policy  management  and  planning  are  illustrated  in  Figure  1-2.  The 
methodology  utilizes  an  operations  research/systems  analysis  approach  for  evaluating  and 
implementing  National,  DOD  and  Army  energy  policy.  It  does  this  through  an  optimization 
process,  producing  energy  conservation  and  renewable  energy  investment  strategies  that 
yield  the  most  "benefit"  possible  (such  as  improving  the  environment)  given  a  set  of  resource 
constraints  and  policy  goals  and  requirements.  This  section  discusses  and  highlights  six 
major  findings  and  implications  resulting  from  the  development  and  application  of  the  REEP 
methodology  in  this  study. 
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Figure  1-2.  Major  Benefits  Derived  from  Using  REEP  Methodology 

a.  The  REEP  methodology  provides  a  logical  approach  for  analyzing  and  integrating  US 
energy  and  environmental  policy,  Army  energy  and  environmental  goals.  Army 
programming  and  budgeting,  and  public  and  private  sector  funding.  It  provides  Army  energy 
decisionmakers  and  policy  analysts  with  a  much  needed  capability  to  more  accurately  and 
responsively  develop  and  evaluate  energy  investment  programs  that  are  analytically 
defensible  and  credible.  The  methodology  is  inherently  flexible  and  transferable  such  that  it 
can  readily  incorporate  changes  in  policy,  data,  and  analytic  tools. 

b.  The  economic  potential  for  investment  in  47  ECO  at  49  major  US  Army  facilities  in 
CONUS  is  16,823,804  mill'  u  s  of  British  thermal  units  (Mbtu)  of  annual  energy  reduction, 
724,128  kilowatts  (kW)  of  de.  land  reduction,  $249,446,020  of  annual  cost  savings,  and 
2,415,337  short  tons  (STON)  of  annual  pollution  reduction.  This  potential  must  be  captured 
as  a  requirement  of  EPACT  which  mandates  all  ECO  with  paybacks  of  10  years  or  less  be 
implemented  at  Federal  facilities  by  2005.  The  49  facilities  consume  about  three-quarters  of 
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the  energy  consumed  at  CONUS  facilities,  or  approximately  one-haif  of  facility  energy 
usage  Armywide.  It  is  likely  that  much  of  this  potential  would  be  transferable  to  most  of  the 
other  sites  in  the  Army,  since  the  ECO  identified  are  commercially  available  and  largely 
standard. 

c.  The  annual  cost  savings  of  $249,446,020  generated  from  implementing  the  47  ECO  at 
the  49  sites  provides  direct  economic  benefits  to  both  Army  installations  and  the  US 
Treasury.  This  occurs  because  Army  policy  requires  one-third  of  the  cost  savings  to  be 
reinvested  in  additional  ECO,  one-third  to  be  invested  in  installation  quality  of  life  measures 
(which  could  also  be  additional  ECO),  and  one-third  to  the  US  Treasury.  This  policy  further 
supports  the  EPACT  provision  requiring  reinvestment  of  ECO  cost  savings.  Cost  savings 
accrued  from  these  ECO  not  only  pay  for  themselves,  but  additionally  serve  as  a  source  of 
revenue  that  could  be  used  for  other  applications,  such  as  reducing  the  Federal  budget  deficit. 
Utilities  and  their  customers  would  also  benefit  in  that  the  need  for  expensive  new  plant 
construction  could  be  deferred. 

d.  Approximately  19  percent  of  the  annual  energy  savings  produced  by  the  ECO  is 
attributable  to  reduced  oil  consumption  at  Army  facilities  and  servicing  electric  utilities.  This 
decrease  in  oil  use  equates  to  about  503,598  barrels  per  year.  Currently,  about  42  percent  of 
oil  products  supplied  in  the  US  is  imported.*  Applying  this  percentage  to  the  oil  savings 
calculated  for  the  47  ECO  at  the  49  CONUS  sites,  21 1,51 1  less  barrels  of  oil  would  need  to 
be  imported  if  all  the  ECO  were  implemented.  Reducing  oil  imports  directly  contributes  to  a 
reduction  in  the  US  trade  deficit.  It  also  strengthens  national  security  by  reducing  US 
dependence  on  potentially  unstable  foreign  sources  of  energy.  Decreasing  US  dependence  on 
oil  imports  also  contributes  to  reducing  the  US  military's  requirements  for  protecting  the 
supply  routes  used  to  import  oil. 

e.  The  reduction  in  annual  pollutant  emissions  of  2,415,337  STON  resulting  from  ECO 
implementation  provides  significant  environmental  and  health  benefits  to  the  populations  of 
the  49  facilities  and  nearby  communities  (including  those  near  the  servicing  utilities). 
Pollution  abatement  also  generates  considerable  economic  benefits,  such  as  a  decrease  in  cost 
requirements  for  cleaning  up  polluted  air  and  water  resources  "after  the  fact."  Other  examples 
of  monetary  benefits  from  pollution  reduction  include  decreases  in  both  health  care  costs  and 
the  costs  utilities  incur  in  meeting  environmental  standards  prescribed  by  law. 

f.  The  47  ECO  evaluated  in  this  study  constitute  a  sample  of  the  technologies  that  could 
substantially  reduce  Army  energy  consumption,  save  dollars,  and  reduce  pollutant  emissions. 
Other  available  opportunities  include  water  conservation  technologies,  which  are  now 
regarded  as  energy  conservation  opportunities  per  direction  from  EPACT;  new  building 
construction  in  addition  to  retrofit  applications  examined  in  this  study;  and  increased 
investment  in  energy  efficiency  and  renewables  beyond  the  ECO  identified  in  this  study. 
These  additional  ECO  should  be  analyzed  and  adopted  in  the  Army  as  appropriate. 


*  First  quarter,  1993.  Source:  Energy  Information  Administration,  Monthly  Energy  Review,  June  1993,  Table 
1.8, 
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CHAPTER  2 
REEP  METHODOLOGY 


2-1.  INTRODUCTION 

a.  A  primary  objective  of  this  study  was  to  develop  and  demonstrate  a  methodology  to  use 
in  formulating  and  evaluating  ECO  investment  strategies  in  the  Army.  An  integrated 
engineering,  financial,  and  economic  approach  was  developed  to  address  major  issues  involved 
in  developing  and  assessing  these  strategies.  The  four  tasks  that  compose  the  methodology  are 
illustrated  in  Figure  2-1.  Since  a  large  portion  of  these  tasks  involved  progressive  work,  it  was 
necessary  to  continuously  examine  each  task  thoroughly  to  gauge  impacts  upon  other 
components  of  the  study.  Task  l  established  the  opportunities  for  investment  in  energy 
efficiency  and  renewables  at  major  energy  consuming  Army  facilities  in  CONUS.  Potential 
funding  sources  for  these  opportunities  were  identified  and  described  in  Task  2.  Task  3 
involved  designing,  developing,  and  testing  a  model  that  determined  the  optimum  methods  (and 
economic  impacts)  for  investing  in  these  opportunities  over  time.  In  Task  4,  the  methodology 
was  applied  to  address  selected  energy  related  issues  that  arose  during  the  course  of  the  study. 


Task  2 


Figure  2-i.  REEP  Methodology 


b.  The  four  tasks  in  the  methodology  were  essentially  performed  in  the  sequence  order 
depicted  in  Figure  2-1.  However,  there  was  a  "moving  train”  aspect  to  each  task,  such  that  many 
of  the  individual  task  efforts  were  conducted  concurrently.  That  is,  as  more  extensive  and 
refined  data  or  methodological  improvements  were  identified,  they  were  incorporated  into  the 
methodology  and  applied  during  subsequent  analysis.  This  was  especially  the  case  for  Task  l, 
in  which  ECO  were*  continuously  identified,  developed,  and  evaluated  throughout  the  study. 
This  chapter  discusses  the  individual  tasks  accomplished  in  developing  the  methodology  used 
to  perform  the  REEP  Study. 

2-2.  TASK  1  •  ESTIMATE  REMAINING  ECONOMIC  POTENTIAL 

a.  General.  Task  1  was  organized  into  three  subtasks-identify  economically  feasible  ECO, 
estimate  ECO  energy,  demand,  cost  savings,  and  pollution  reduction  by  building  category,  and 
estimate  ECO  market  captured  to  date.  The  engineering  analysis  conducted  in  the  first  two 
subtasks  was  conducted  by  CERL  engineers. 
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b.  Identify  Economically  Feasible  ECO.  Economically  feasible  ECO  were  identified 
using  three  principal  selection  criteria.  First,  an  ECO  had  to  be  commercially  available.  This 
included  "off  the  shelf  ECO  technologies  that  were  already  available  in  the  marketplace  or 
which,  if  purchased  in  large  enough  quantities,  would  become  available  in  the  marketplace.  The 
second  selection  criterion  was  the  ability  for  broad  application.  ECO  examined  in  the  REEP 
Study  were  to  be  installed  in  Army  facilities  across  CONUS.  Thus,  the  study  team  wanted  to 
compile  a  list  of  ECO  whose  technology  was  easily  adaptable  to  and  replicable  in  a  variety  of 
installations.  This  broad  applicability  of  ECO  technology  would  help  tne  REEP  Study  account 
for  as  much  economic  potential  as  possible.  The  third  criterion  was  established,  given  the 
passage  of  EPACT,  which  requires  Army  investment  in  all  ECO  with  paybacks  of  10  years  or 
less  by  the  year  2005.  As  a  result  of  this  requirement,  the  REEP  Study  focused  on  identifying 
and  evaluating  ECO  with  paybacks  of  10  years  or  less.  By  the  end  of  this  study,  CERL  and 
CAA  had  identified  47  ECO  that  met  all  three  criteria. 

c.  Estimate  ECO  Energy,  Demand,  and  Cost  Savings  by  Building  Category.  In 
making  energy,  demand,  and  cost  saving  estimates,  CERL  considered  the  types  of  buildings 
existing  on  Army  facilities.  This  was  necessary  for  two  reasons.  First,  not  all  ECO  can  be 
applied  to  all  types  of  buildings.  While  it  is  practical  to  install  occupancy  sensors  in 
administration  buildings,  it  may  not  be  in  barracks.  Secondly,  different  building  types  can  have 
large  variations  in  the  type  and  level  of  energy  consumption.  Other  factors  which  had  to  be 
considered  by  CERL  in  making  their  estimates  included  the  number  of  buildings  at  an 
installation,  building  size,  and  building  function.  Ten  building  categories*  were  used  to  classify 
standard  functions  of  buildings  found  across  Army  facilities.  These  categories  are  listed  in 
Figure  2-2.  This  allowed  the  engineering  data  to  be  specified  in  terms  of  ECO  type  and 
building  category  (e.g.,  energy  efficient  lighting  in  family  housing  would  be  evaluated  as  a 
distinct  opportunity).  Using  this  approach,  much  of  the  data  (e.g.,  technical  performance) 
developed  for  an  ECO  in  a  particular  building  category  could  be  applied  to  different  facilities 
that  included  the  building  category  specified. 


Training 

Administration 

Maintenance  and  production 

Unaccompanied  personnel  housing 

Research,  development,  and  testing 

Community 

Storage 

Family  housing 

Hospital  and  medical 

Other 

Figure  2-2.  Building  Categories 


d.  Estimate  ECO  Market  Captured  to  Date.  To  estimate  the  remaining  economic 
potential  of  the  ECO  identified,  it  was  first  necessary  to  determine  the  amount  of  ECO 
investment  implemented  to  date.  Given  the  difficulty  of  obtaining  historical  market  share  data, 
CAA  in  conjunction  with  the  sponsors  and  CERL,  believed  that  the  most  knowledgeable  source 
of  information  concerning  present  ECO  market  penetration  would  be  Army  engineers, 
logisticians,  facility  managers,  and  other  experts  who  had  approximately  30  years  of  experience 
in  the  field.  A  survey  questionnaire  was  administered  to  these  experts  requesting  data  on  the 
current  penetration  of  each  ECO  at  US  Army  facilities  in  CONUS.  The  results  of  this  survey 
are  presented  in  Chapter  3.  Survey  estimates  were  utilized  to  establish  the  remaining  economic 
potential  of  the  ECO. 


*  The  10  building  categories  were  derived  from  AR  415-28,  Department  of  the  Army  Facility 
Classes  and  Construction  Categories  (Category  Codes),  November  1981 . 
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2-3.  TASK  2  -  IDENTIFY  AND  DESCRIBE  SOURCES  OF  FINANCE 

a.  This  task  identified  and  described  potential  funding  sources  for  investment  in  Army 
ECO.  The  principal  reason  for  performing  this  task  was  to  deteimine  the  basic  terms  and 
conditions  for  accessing  these  financial  sources  and  to  assess  potential  fund  availability  for 
developing  budget  parameters  and  model  constraints.  The  intent  was  to  allow  the  model  to  select 
the  budget  source  that  would  best  suit  investment  in  certain  types  and  quantities  of  ECO.  An 
example  would  be  for  the  model  to  utilize  a  well-endowed  finance  source  for  ECO  requiring  a 
large  investment.  This  task  was  also  important  in  gaining  a  fundamental  understanding  of  the 
finance  sources. 

b.  Sources  of  potential  ECO  finance  that  were  examined  included  governmental  programs, 
as  well  as  private  institutions,  such  as  utilities  and  energy  service  companies.  As  a  result,  a  wide 
variety  of  data  sources  was  identified  including  Army  agencies,  Office  of  the  Secretary  of 
Defense  (OSD),  Department  of  Energy  (DOE),  nonprofit  organizations,  and  utilities.  A  myriad 
of  regulations,  directives,  reports,  letters,  and  legislation  were  reviewed  as  part  of  this  research. 
An  additional  objective  of  Task  2  was  to  gain  an  appreciation  of  the  Army’s  experience  in  using 
the  different  finance  sources  to  help  identify  their  relative  strengths  and  weaknesses.  Because  of 
the  amount  of  information  collected  in  this  task,  the  results  are  presented  in  Appendix  F,  with  an 
overview  presented  in  Chapter  3. 

2-4.  TASK  3  -  BUILD  AND  TEST  REEP  INVESTMENT  MODEL  (RIM) 

a.  This  task  constituted  the  core  of  the  REEP  methodology-the  development  of  RIM.  RIM 
is  a  multiobjective  mathematical  programming  model  that  can  generate  and  analyze  optimal 
renewable  energy  and  energy  efficiency  investment  strategies  at  US  Army  facilities  on  an 
annual  basis  (i.e.,  what  to  buy,  how  many,  where,  and  when).  The  model  maximizes  cost,  energy, 
and  demand  savings  and  pollutant  reduction  that  result  from  ECO  investment. 

b.  Cost  savings  refers  to  the  dollars  saved  by  ECO  implementation.  Dollar  savings  occur 
because  ECO  decrease  energy  consumption  (and  sometimes  electricity  demand  requirements), 
resulting  in  less  dollar  expenditures  for  energy.  Energy  savings  are  the  amount  of  decreased 
energy  consumption  obtained  through  ECO  implementation  and  are  measured  in  Mbtu. 
Electrical  demand  refers  to  the  amount  of  power  required  for  an  electrical  device  to  operate  and 
is  measured  in  terms  of  kW.  Pollutant  reduction  refers  to  the  decrease  in  atmospheric  pollutant 
emissions  achieved  by  ECO  implementation.  This  reduction  occurs  because  decreased  energy 
consumption  causes  utilities  to  bum  less  fuel  (especially  fossil  fuels)  to  produce  less  energy. 
Pollutant  reductions  are  measured  in  terms  of  STON. 

c.  The  budget  constraint  is  established  by  the  amount  of  funds  available  for  ECO  investment 
in  a  given  fiscal  year.  More  than  one  budget  constraint  can  be  considered  in  cases  when  more 
than  one  source  of  available  funds  can  be  articulated.  In  general,  budget  constraints  are  set  by 
Army  programming  policy  and  Congressional  appropriation.  ECO  investment  cannot  exceed 
available  funds  (as  established  by  the  budget  constraint)  in  any  fiscal  year.  The  budget 
constraint  variable  is  determined  outside  RIM.  Quantifiable  energy  and  environmental  goals  are 
also  regarded  as  constraints  in  the  model,  if  they  are  requirements  that  must  be  achieved.  An 
example  of  a  quantifiable  energy  goal  would  be  the  requirement  established  in  Executive  Order 
12759  that  energy  consumption  at  Federal  facilities  must  decrease  by  20  percent  between  FY 
1985  and  FY  2000. 

d.  During  the  initial  phase  of  the  study,  the  types  of  data  output  required  from  RIM  were 
developed.  This  initial  list  of  generalized  data  outputs  served  as  a  point  of  departure  in  the 
development  of  a  list  of  generalized  data  inputs  for  the  model  (see  Table  2-1 ).  As  the  logic  of 
RIM  developed,  the  specific  data  inputs  required  to  run  the  model  were  also  identified.  Once  the 
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data  input  requirements  were  specified,  likely  sources  of  these  data  were  identified.  Tasks  1  and 
2  involved  the  collection  and  development  of  the  data  necessary  for  RIM.  Chapter  3  addresses 
the  actual  data  used  (and  their  sources)  to  run  the  model  and  the  resulting  data  outputs. 


Table  2-1.  RIM  Data  Inputs  and  Outputs 


Inputs 

Outputs9 

budgets 

Fuel  prices 

Rollover  rates 

Rebates 

Investment  criteria 

Economies  of  scale 

ECO  penetration 

Investment  strategy  decisions 
(quantity,  type,  time,  and  place) 

Investment  strategy  costs 

Annual  and  total  cost  savings  (in  dollars) 
Annual  and  total  energy  savings  (in  Mbtus) 
Annual  and  total  demand  savings  (kilowatts) 

Annual  and  total  pollutant  reduction 
(in  short  tons) 

“Outputs  can  be  presented  in  terms  of  CONUS,  major  Army  command  (MACOM),  state/region,  or  building  category. 


2-5.  TASK  4  -  DEVELOP  AND  EVALUATE  INVESTMENT  STRATEGY.  The 
purpose  of  this  task  was  to  apply  the  REEP  methodology  to  develop  and  evaluate  ECO 
investment  strategies  for  Army  facilities  in  CONUS.  By  formulating  a  strategy,  the  capabilities 
of  RIM  for  use  in  making  ECO  investment  decisions  would  be  demonstrated.  A  base  case 
scenario  was  developed  that  incorporated  Army  policy  and  Federal  mandates.  For  example,  a 
key  component  of  Airny  policy  included  in  the  base  case  is  its  allowance  of  one-third  of  the 
cost  savings  accrued  through  prior  ECO  investment  to  be  used  for  purchasing  additional  ECOs 
in  the  following  years.  Federal  mandates  emanated  from  EPACT.  A  key  provision  of  this  act 
was  that  all  ECO  with  paybacks  of  10  years  or  less  must  be  implemented  at  Federal  agencies  by 
2005.  To  further  display  the  capabilities  of  RIM,  alternative  scenarios  which  addressed 
important  aspects  of  energy  and  environmental  issues  were  derived.  These  scenarios  included 
variations  in  the  number  of  ECO  considered,  differing  rollover  rates,  and  the  grouping  of  sites 
for  a  given  region.  Several  of  these  scenarios  were  developed  for  the  Renewable  ,  and  Energy 
Efficiency  Sustainable  Investment  (REESEN)  Quick  Reaction  Analysis  (QRA  and  are 
documented  in  a  separate  report. 
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CHAPTER  3 

ANALYSIS  AND  RESULTS 


3-1.  INTRODUCTION.  Chapter  3  presents  the  results  of  executing  the  REEP  methodology 
(see  Figure  2-1)  during  the  course  of  the  study  period.  The  utility  of  the  methodology  is 
highlighted  by  its  flexibility,  in  that  it  can  readily  incorporate  changes  and  improvements  in 
data  and  analytical  tools.  Therefore,  to  sustain  the  integrity  of  REEP  analysis  in  the  future,  the 
data  bases  and  models  that  currently  support  the  methodology  should  be  updated  and  refined 
as  required.  This  chapter  first  provides  an  overview  of  Tasks  1,2,  and  3;  and  then  describes 
two  applications  of  Task  4.  Detailed  documentation  of  the  engineering  analysis  portion  of  Task 
1  is  provided  in  a  separate  report  prepared  by  CERL.  The  outcome  of  Task  2  is  more  fully 
discussed  in  Appendix  F.  The  technical  and  operational  characteristics  of  RIM  (Task  3)  are 
described  in  Appendices  D  and  E. 

3-2.  ESTIMATE  REMAINING  ECONOMIC  POTENTIAL  (TASK  1).  The  objective  of 
Task  1  was  to  identify  economically  feasible  ECO  among  major  US  Army  facilities  in 
CONUS  and  estimate  the  energy,  demand,  and  cost  savings  and  pollutant  reduction  that  would 
result  from  implementation  of  the  identified  ECO.  This  task  was  organized  into  three  subtasks: 
identify  economically  feasible  ECO;  estimate  ECO  energy,  demand,  and  cost  savings  by 
building  category;  and  estimate  ECO  market  captured  to  date.  The  energy,  demand,  and  cost 
savings  and  pollutant  reduction  associated  with  economically  feasible  ECO  constitute  the 
economic  potential  of  the  devices. 

a.  Identify  Economically  Feasible  ECO.  Not  all  of  the  renewable  energy  and  energy 
conservation  investment  that  is  technically  feasible  is  economic.  For  the  purpose  of  this 
study,  an  ECO  was  considered  economically  feasible  if  its  calculated  simple  payback  was  10 
years  or  less.  This  investment  criterion  was  based  on  the  provision  established  by  EPACT 
requiring  all  ECO  identified  in  the  Federal  government  with  paybacks  of  10  years  or  less  be 
acquired  by  2005.  An  initial  list  of  ECO  was  jointly  developed  by  CAA  and  CERL  analysts. 
This  list  was  further  evaluated  by  CERL  engineers  to  develop  a  list  of  47  ECO  that  would 
pay  back  in  10  years  or  less  at  a  major  energy -consuming  CONUS  site.  A  facility  was 
considered  a  major  energy  consumer  if  its  annual  utility  bill  was  greater  than  $5  million.  In 
CONUS,  50  US  Army  sites  met  this  criterion.  The  Presidio  at  San  Francisco  was  not 
considered  in  this  study  given  the  Base  Realignment  and  Closure  (BRAC)  Commission 
decision  of  1991  to  close  this  facility — leaving  49  sites  (see  Figure  3-1).  Other  ECO  with 
paybacks  greater  than  10  years  were  identified  by  CERL,  but  were  not  considered  in  this 
study.  The  47  ECO  developed  and  evaluated  for  this  study  are  shown  in  Figure  3-2. 
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Figure  3-1.  REEP  Installations 
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b.  Estimate  ECO  Energy,  Demand,  and  Cost  Savings  by  Building  Category.  The 
engineering  data  developed  by  CERL  was  provided  in  EXCEL  spreadsheets  to  facilitate 
input  into  RIM.  An  example  of  this  type  of  spreadsheet  format  is  shown  in  Table  3- 1 .  Key 
data  used  from  these  spreadsheets  for  the  model  include:  the  ECO’s  energy,  demand,  and  cost 
savings;  the  ECO's  impact  on  pollutant  emissions;  the  initial  and  recurring  costs  associated 
with  the  ECO;  and  the  number  of  years  for  an  ECO  payback.  Note  that  the  types  of  buildings 
in  which  the  ECO  would  apply  are  specified  at  the  bottom  of  the  spreadsheet  (see  line  70  in 
Table  3-1).  That  is,  each  ECO  was  specified  not  only  in  terms  or  technology  and  site,  but  the 
applicable  type(s)  of  building  categories  as  well.  As  a  result,  a  total  of  6,936,218  items, 
68,774,907  square  feet,  and  127,056  ton-hours  of  ECO  were  identified  by  particular  end  use. 
Other  factors  that  were  considered  in  the  evaluation  of  the  ECO  included  technical 
performance,  climate,  utility  rates,  and  primary  fuel  source.  The  approach  used  to  develop  the 
ECO  data  can  address  changes  in  a  variety  of  conditions,  such  „s  increases  in  fuel  prices  and 
personnel  realignments  caused  by  BRAC.  The  versatility  of  this ;  pproach  is  founded  on  the 
categorization  of  ECO  by  functional  end  use,  and  more  specifically,  the  10  building 
categories  listed  in  Figure  2-2.  This  enabled  many  of  the  performance  and  operational 
aspects  of  ECO  to  be  quickly  modeled  among  similar  building  types  at  different  sites. 
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Table  3-1.  Example  Engineering  Data  Spreadsheet 
(page  1  of  3  pages) 
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c.  Estimate  ECO  Market  Captured  to  Date.  A  required  data  input  to  RIM  is  the 
remaining  ECO  economic  potential.  While  the  installation  of  some  REEP  ECO  would  be  for 
the  first  time,  others  have  been  previously  installed  on  a  limited  scale.  To  more  accurately 
estimate  the  remaining  economic  potential  of  REEP  ECO,  an  accounting  of  prior  ECO 
investment  was  necessary. 

(1)  An  accounting  of  prior  ECO  investment  was  accomplished  through  a  survey 
questionnaire  completed  by  individuals  from  the  Army  energy  community.  Surveys  were 
distributed  on  two  separate  occasions,  the  first  being  at  the  US  Army  Corps  of  Engineers 
National  Energy  Team  (CENET)  meeting  in  November,  1992.  Respondents  were  given  a  list 
of  REEP  ECO  and  asked  to  estimate  the  percent  of  the  economic  potential  already  captured 
for  each  ECO.  Survey  takers  were  told  to  consider  domestic  Army  facilities  only,  and 
provide  a  low  and  high  estimate  for  each  ECO.  High  and  low  estimates  were  requested  so  a 
response  range  could  be  established.  The  REEP  study  team  collated  the  survey  results  and 
produced  a  median  high  and  low  statistic  for  each  ECO.  The  study  team  decided  to  use  the 
median  because  of  some  outliers  in  the  survey  results.  Using  the  mode  would  have  been 
inappropriate  due  to  some  response  distributions  that  were  bi modal. 

(2)  Results  from  the  first  survey  were  incorporated  into  the  second.  The  second  survey 
was  distributed  at  the  CENET  meeting  held  in  April  1993.  This  second  survey  was  identical 
to  the  first,  in  that  it  requested  low  and  high  estimates  of  ECO  economic  potential  already 
captured  for  the  REEP  ECO.  The  second  survey  differed  from  the  first  in  that  it  listed  the  low 
and  high  median  statistics  that  resulted  from  the  first  survey.  Survey  takers  were  instructed  to 
examine  the  results  from  the  first  survey  on  a  ECO  by  ECO  basis.  If  they  agreed  with  the 
results  for  a  given  ECO,  then  no  alterations  would  be  made  to  the  survey  form.  If  respondents 
disagreed  with  the  outcome  of  the  first  survey  for  a  given  ECO,  then  they  were  to  edit  the 
initial  results  accordingly. 

(3)  The  results  of  the  survey  were  collated  by  the  REEP  study  team,  and  median  low 
and  high  statistics  were  calculated  on  a  ECO  basis.  To  serve  as  the  estimator  for  captured 
ECO  economic  potential,  the  REEP  study  team  decided  to  use  the  high  median  statistics. 

This  was  done  to  produce  conservative  estimates,  that  is  estimates  on  the  high  end  of  ECO 
economic  potential  already  captured.  The  data  variable  that  is  ultimately  fed  into  RIM  is  the 
remaining  economic  potential  of  an  ECO.  This  is  calculated  by  subtracting  the  captured  ECO 
economic  potential  (in  percent)  from  100.  By  using  the  high  median  estimate,  the  remaining 
economic  potential  will  be  lower  (as  opposed  to  using  the  low  median  estimate).  Thus.  RIM 
will  produce  energy,  cost,  demand,  and  pollutant  reduction  savings  estimates  on  the  low  end, 
establishing  a  lower  bound  for  potential  savings. 

(4)  Survey  results  are  presented  in  Table  3-2.  The  REEP  ECO  are  grouped  into 
category  types.  To  the  right  of  each  ECO  is  the  estimated  remaining  economic  potential,  in 
percent.  The  degree  of  remaining  economic  potential  varied  considerably  depending  upon  the 
ECO.  For  example,  the  ECO  with  the  lowest  estimated  remaining  potential  was  additional 
ceiling  insolation,  at  27.5  percent.  Direct-fired  gas  fired  chillers  (greater  than  100  tons)  was 
the  ECO  with  the  highest  estimated  remaining  potential,  at  a  full  100  percent.  It  should  be 
noted  that  there  were  six  ECO  that  had  no  survey  estimates.  This  occurred  because  these 
ECO  were  introduced  into  the  REEP  ECO  study  set  after  the  surveys  were  completed.  For 
these  six  ECO,  a  default  value  of  70  percent  was  substituted  for  remaining  economic 
potential.  T^e  default  values  are  denoted  with  an  asterisk  in  Table  3-2. 
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Table  3-2.  REEP  ECO  Survey  Results 


Remaining 


ECO 


Lighting 

2x4  Fluorescent  lighting  retrofit 


ompact  fluorescent  retrofit 


xit  lighting  retrofit 


cupancy  sensors 


eplace  mercury  vapor  with 
high  pressure  sodium  lamps 


icient  street  lighting 


onstant  level  lighting 


Electrical 

High  efficiency  ventilation  motors 
(small,  medium,  and  large) 


Heating  and  cooling 

Pulse  combustion/modular  boiler 


Single  loop  digital  control  panels 


Ventilation  heat  recovery 


rogrammable  thermostats  tor 
family  housing 


s 


ign  efficiency  gas  furnaces  tor 
family  housing 


as  engine  driven  heat  pump  tor 
family  housing 


ominal  efficiency  furnaces  tor 
family  housing 


ue  dampers/electronic  ignition 


air  conditioning  units 


iGsms* 

hi 


U£ 

liH 


Envelope 

Radiant  barriers 


ign  reflectance  root  surtace 


s 


oiar  shading  devices 


amity  housing  biown-in  insulation 


inches  of  additional  ceiling 
insulation 


economic 
potential  (%) 


ECO 

Remaining 

economic 
potential  (%) 

Water 

Water  heater  insulation  blanket 

47.5 

Showerhead  flow  restrictors 

55 

Faucet  flow  restrictors 

55 

Desuperheaters 

98 

Hot  water  heat  pump 

70a 

instantaneous  hot  water  heaters 

70a 

1  . 

?•>.  r  *  /I 

Miscellaneous 

Refrigerator  replacements  for 
family  housing 

85 

Renewables 

Wind  energy 

70“ 

Microclimate  modifications 

94 

Solar  powered  street  lights 

98 

Solar  water  heating  for  family 
housing 

90 

Solar  water  heating  for  barracks 

90 

Solarwall 

98.5 

Heating  distribution  repair 


annote  sump  pump  repair 


,001  storage 


irect-tired  gas  fired  chillers 
greater  than  100  tons 


“Denotes  no  survey  estimate  was  available,  so  default  value  of  70  percent  was  utilized. 
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(5)  Table  3-2  verifies  that  all  of  the  REEP  ECO  are  commercially  available.  This  is 
shown  by  the  remaining  economic  potential  percentages,  where  all  ECO  except  direct-fired 
gas  fired  chillers  have  had  some  prior  investment  and  installation.  This  notion  of  partial  ECO 
penetration  runs  counter  to  the  prevailing  belief  in  some  segments  of  the  Army  community. 
Some  believe  that  most  ECO  opportunities  throughout  the  Army  have  already  been 
thoroughly  exploited.  Table  3-2  shows  that  based  on  survey  estimates,  the  majority  of  ECO 
have  remaining  economic  potential  percentages  in  the  70-98  percent  range. 

(6)  The  category  type  ranking  highest  with  respect  to  remaining  economic  potential 
were  the  renewable  ECO.  All  renewable  ECO,  except  for  wind  energy,  had  remaining 
economic  potential  estimates  in  the  90  percent  or  greater  range.  It  can  be  speculated  that  wind 
energy  would  also  have  had  a  high  estimate,  but  it  was  one  of  the  ECO  not  included  in  the 
survey.  Closer  scrutiny  of  survey  taker  responses  shows  that  the  variation  of  estimates  for 
renewable  ECO  was  very  tight.  The  difference  between  the  lowest  and  highest  remaining 
economic  potential  estimate  for  all  renewable  ECO  did  not  exceed  10  percentage  points.  This 
implies  a  high  level  of  confidence  in  the  renewable  ECO  estimates,  since  the  responses  of  the 
Army  energy  experts  tended  to  converge. 

(7)  Three  ECO  had  exceptionally  low  variation  in  their  penetration  estimates.  They 
were  desuperheaters  (water  ECO),  microclimate  modifications  (renewable  ECO),  and 
occupancy  sensors  (lighting  ECO).  The  difference  between  the  lowest  and  highest  remaining 
economic  potential  estimate  for  any  of  these  three  were  less  than  or  equal  to  4  percentage 
points.  This  suggests  a  high  degree  of  convergence  amongst  the  survey  takers. 

(8)  Four  of  the  ECO  had  extremely  high  variation  in  their  penetration  estimates.  They 
were  flue  dampers/electronic  ignition  (heating  and  cooling  ECO),  heating  distribution  repair 
(utility  ECO),  nominal  efficiency  furnaces  for  family  housing  (heating  and  cooling  ECO), 
and  programmable  thermostats  for  family  housing  (heating  and  cooling  ECO).  The  difference 
between  the  lowest  and  highest  penetration  estimate  was  90  percentage  points  or  higher.  This 
suggests  no  convergence  among  the  survey  takers  for  these  ECO. 

3-3.  IDENTIFY  AND  DESCRIBE  SOURCES  OF  FINANCE  (TASK  2).  This  task 
identified  and  described  Department  of  Defense  (DOD)  programs  and  types  of  non-DOD 
institutions  that  could  finance  ECO  investment  in  the  Army.  Each  of  these  funding  sources  is 
described  further  in  Appendix  F.  An  example  of  a  description  of  a  funding  source,  Energy 
Conservation  Investment  Program  (ECIP),  is  depicted  in  Figure  3-3.  These  descriptions  were 
based  upon  information  obtained  during  the  course  of  this  study.  However,  the  terms  and 
conditions  of  these  funding  sources  may  change  in  the  future. 

a.  As  indicated  in  Chapter  2,  one  of  the  principal  objectives  of  this  task  was  to  estimate 
the  annual  budgets  (by  either  program  or  appropriation)  that  would  be  available  for  ECO 
acquisition.  Since  this  information  was  not  available  during  the  study,  total  annual  budgets 
for  all  the  ECO  were  developed  based  on  policy  established  in  EPACT  and  its  10  year 
payback  2005  procurement  requirement.  The  method  used  to  estimate  the  annual  budgets 
required  to  meet  this  requirement  for  the  ECO  identified  at  the  49  sites  was  annualized 
between  FY  1994  and  FY  2005.  Thus,  the  budgets  calculated  using  this  approach  increased 
during  the  study  period  as  more  ECO  were  identified.  The  results  of  these  calculations  are 
addressed  in  Paragraph  3-5. 
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Description 

Conditions 

Military  construction  funded  program  used 

-  Projects  greater  than  or  equal  to 

to  improve  the  energy  efficiency  of  existing 
Defense  Department  facilities  while  reducing 

$300,000 

the  associated  utility  energy  and  nonenergy 

-  Savings  to  investment  ratio  greater 

related  costs.  Reduces  energy  use  through 
construction  of  new,  high  efficiency  energy 

than  1.2S 

systems,  buildings  or  facilities  for  which  a 
defense  component  pays  for  the  facilities 

•  Payback  less  than  10  years 

energy. 

-  Energy  monitoring  and  control  systems/ 

-  Military  Construction,  Army,  dollars 

heating,  ventilation,  air  conditioning 
(HVAC)  controls 

-  Steam/condensate  systems 

-  Boiler  plan  modifications 
-HVAC 

-  Weatherization 

-  Lighting  systems 

-  Energy  recovery  system 

-  Electrical  energy  systems 

-  Renewable  energy  systems 

-  Facility  energy  improvements 

-  Energy  retrofit  projects  only 

Figure  3-3.  Energy  Conservation  Investment  Program  (ECIP) 


b.  Two  sources  of  funds  outside  the  government  that  could  help  support  investment  in 
Army  ECO  are  demand  side  management  (DSM)  programs  and  energy  savings  performance 
contracts.  Utility  DSM  programs  offer  a  range  of  incentives  (including  cash  rebates)  for 
customers  to  invest  in  energy  efficiency  and  conservation  measures.  Energy  savings 
performance  contracts  are  arrangements  between  the  government  and  a  contractor  whereby 
the  contractor  provides  resources  for  implementing  energy  cost  savings  measures  and  in  turn 
receives  a  portion  of  the  actual  energy  cost  savings  that  accrue  to  the  government.  The 
Energy  Efficiency  Resource  Directory:  A  Guide  to  Utility  Programs  provides  a  review  of 
DSM  programs  offered  by  utilities  ir.  die  US.  Information  about  ECO  rebates  (one  of  the 
principal  DSM  methods)  in  this  report  were  of  particular  interest  since  they  can  be  quantified 
and  thus  can  be  considered  in  the  development  and  evaluation  of  ECO  investment  strategies. 
For  example,  if  a  utility  is  offering  energy  efficient  lighting  rebates,  then  customers  who 
purchase  these  items  receive  a  check  or  a  credit  on  their  utility  bill  for  an  amount  prescribed 
by  the  program.  Utilities  offering  ECO  rebates  in  service  areas  that  included  the  49  US  Army 
sites  were  contacted  to  collect  information  and  gain  insights  about  their  rebate  programs. 
ECO  rebates  from  utilities  are  clearly  a  promising  source  of  financial  support  and  should  be 
used  whenever  possible.  The  scope  and  characteristics  of  utility  rebate  programs  (available  as 
of  when  the  utilities  were  contacted)  that  could  financially  benefit  ECO  investment  in  the 
Army  are  presented  in  Appendix  F.  The  data  provided  on  these  programs  are  subject  to 
change  at  the  discretion  of  the  utility. 

c.  EPACT  encourages  Federal  agencies  to  use  energy  savings  performance  contracts 
(formerly  referred  to  as  shared  energy  savings)  as  a  source  of  ECO  finance.  Several  Army 
installations  involved  with  shared  energy  savings  contracts  were  identified  and  asked  about 
their  experiences.  This  research  produced  considerable  information  regarding  the  positive 
aspects  of  using  shared  energy  saving  to  finance  ECO  investment.  However,  many  more 
problems  were  raised.  The  key  strengths  and  weaknesses  of  shared  energy  savings  for  ECO 
investment  that  were  identified  by  the  installations  are  discussed  in  Appendix  F.  For 
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example,  the  most  common  problem  identified  was  that  it  took  too  long  (up  to  2  years)  to 
negotiate  and  implement  shared  energy  savings  contracts.  These  types  of  obstacles  are 
apparently  common  across  most  Federal  agencies,  and  as  a  result,  the  Department  of  Energy 
(DOE)  is  standardizing  and  streamlining  the  process  of  facilitating  energy  performance 
contracting  in  the  Federal  government.  Although  there  is  significant  potential  for  using 
energy  savings  performance  contracts  in  the  Army,  many  of  the  obstacles  raised  by  the 
installations  need  to  be  overcome. 

3-4.  BUILD  AND  TEST  THE  REEP  INVESTMENT  MODEL  (RIM)  (TASK  3) 

a.  This  task  involved  designing,  building,  and  testing  a  multiobjective  linear 
programming  model-RIM.  The  model  maximizes  cost,  energy,  and  load  savings  and 
pollutant  reduction  for  individual  or  combinations  of  renewable  and  conservation 
investments,  while  explicitly  considering  budget  constraints,  energy  and  environmental 
goals,  and  economies  of  scale. 

b.  RIM  develops  and  analyzes  optimal  renewable  energy  and  energy  efficiency 
investment  strategies  at  US  Army  facilities  on  an  annual  basis  (i.e.,  what  to  buy,  how  many, 
where,  and  when).  RIM  incorporates  a  multiobjective  linear  programming  approach  in  order 
to  quickly  assimilate,  analyze,  and  summarize  the  large  volume  of  data  needed  for  evaluating 
a  range  of  energy  efficiency  measures  among  many  geographically  and  institutionally 
disparate  Army  sites  and  facilities.  The  RIM  mathematical  programming  approach  used  to 
evaluate  the  impacts  of  a  large  number  of  decision  variables  was  ideally  suited  for  producing 
the  detailed  results  needed  to  formulate  investment  strategies.  RIM  was  structured  to 
determine  the  optimum  ECO  and  site-specific  investment  strategy  for  maximizing  any  one  or 
combination  of  the  four  possible  alternative  objective  functions  listed  in  Figure  3-4. 


Model  objective  functions:  •  Maximize  energy  savings 

•  Maximize  demand  savings 

•  Maximize  cost  savings 

»  Maximize  pollutant  reductions 

Figure  3-4.  RIM  Objective  Functions 

c.  The  four  objective  functions  defined  for  application  in  RIM  expressed  key  energy  and 
environmental  goals  established  by  Army  policy.  RIM  is  capable  of  applying  objective 
functions  singularly  or  in  combinations  during  processing.  Depending  upon  policy  and 
decisionmaking  needs,  a  single  or  weighted  grouping  of  objective  functions  is  applied  to 
govern  development  of  investment  strategies  for  maximizing  the  designated  objective 
functions.  While  optimizing  the  selected  objective  functions,  RIM  calculates  the  impacts  for 
each  of  the  four  objective  functions  (those  selected  for  optimization  and  those  not  selected). 
RIM  output  specified  the  ECO/site-specific  economic  and  environmental  impacts  of 
implementing  ECO  measures  and  the  total  impacts  for  implementing  all  measures  across  all 
sites.  The  results  of  the  two  applications  presented  in  this  chapter  are  based  solely  on 
maximize  cost  savings  runs. 

d.  When  two  or  more  objectives  are  considered  in  a  study,  they  can  be  applied 
sequentially  or  weighted  in  a  multiple  objective  function, 

(1)  Applying  two  objectives  sequentially  involves  two  optimization  runs.  In  the  first 
run,  the  objective  chosen  as  primary  is  optimized.  Then  a  constraint  is  added  to  the  model 
that  maintains  the  primary  objective  value  achieved  in  the  first  run.  The  secondary  objective 
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is  optimized  in  a  run  which  must  satisfy  this  constraint.  In  the  case  of  more  than  two 
objectives  this  process  can  be  continued  where  each  run  must  maintain  the  objective  values 
achieved  in  the  previous  runs. 

(2)  Using  a  multiple  objective  function  involves  just  one  optimization  run  regardless  of 
the  number  of  component  objectives  involved.  Each  component  objective  is  multiplied  by  a 
constant  (weighted),  then  the  sum  is  formed  of  the  modified  components  to  obtain  the 
multiple  objective  function.  This  sum  being  a  linear  combination  of  linear  objectives  is,  of 
course,  itself  linear. 

(3)  In  general,  it  is  not  a  routine  process  to  determine  whether  and  how  to  use 
sequential  or  weighted  objectives.  The  resolution  of  these  issues  depends  on  context  and  on 
perceptions  of  the  problems.  It  may  involve  substantial  discussions  between  decisionmakers 
and  analysts. 

(4)  The  REESIN  QRA  Report  discusses  optimizations  where  both  the  cost  savings  and 
the  pollutant  reduction  objectives  were  applied  in  a  multiple  objective  function.  The 
component  objective  functions  used--Maximize  Cost  Savings  and  Maximize  Pollutant 
Reduction-were  weighted  equally.  More  specifically,  in  the  optimization  process  saving 
$1,000  is  considered  (for  analysis  purposes)  as  important  as  emitting  one  less  short  ton 
(STON)  of  pollutant.  Single  objective  cost  savings  and  single  objective  pollutant  reduction 
runs  were  also  conducted.  The  results  of  the  three  runs  were  consistent,  in  that  cost  savings, 
for  example,  were  smallest  in  the  maximize  pollutant  reduction  case,  increased  some  in  the 
multiple  objective  optimization,  and  were  largest  in  the  run  where  the  single  objective  was  to 
maximize  cost  savings.  The  cost  savings  values  of  the  two  extreme  cases  (the  single  objective 
runs)  gave  sensitivity  information  on  the  influence  of  weights  on  cost  savings  results. 

e.  RIM  imposed  budgetary  constraints  and  the  quantity  or  amount  of  ECO  remaining  for 
potential  investment  (expressed  as  equations)  during  processing.  The  investment  budget 
constraint  limited  the  total  number  of  dollars  which  could  be  used  to  acquire  ECO.  The 
second  constraint  limited  the  model's  implementation  of  ECO  measures  to  the  total  number 
of  opportunities  remaining  at  any  point  during  the  model  run.  Within  these  defined 
parameters,  the  model  was  free  to  calculate  and  develop  the  ECO  site  implementation 
sequencing  plan  which  maximized  the  selected  objective  function(s). 

f.  Standard  Data  Inputs  for  Developing  KEEP  Investment  Strategy.  Figure  3-5 
identifies  the  standard  set  of  selected  ECO  data  which  were  derived  and  input  into  RIM  to 
produce  investment  strategies  under  alternative  study  scenarios.  Model  logic  fields  were 
designated  (expressed  as  equations)  to  reflect  the  objective  functions  to  be  applied  during  the 
model  run.  Assumed  budget  constraints  were  entered,  as  appropriate. 


TJXTa - 

- 1  trial  cost  of  a  1%  investment  in  ECO 

-  Annual  energy  savings  resulting  from  a  1%  investment  in 
an  ECO 

-  Annual  demand  savings  resulting  from  a  1%  investment  in 
an  ECO 

-  Annual  cost  savings  of  a  1%  investment  in  an  ECO 
•  Annual  environmental  savings  resulting  from  a  1% 
investment  in  an  ECO 

-  Percentage  of  ec".  nmic  potential  remaining 

-  Budget  consuainu.  (enter  fiscal  budget  amounts) 

LOGIC  (EQUATIONS) 

^ ^ ■J2!y££!i2£ji!!!£iii22£i£Si££iI^ 

”  Figure  i-5.  Standard  Data  Inputs  Used  by  the  Model  in 
Developing  REEP  Investment  Strategies 
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g.  Standard  Data  Outputs  Identifying  Investment  Strategy.  Figure  3-6  identifies  the 
standard  set  of  data  which  were  calculated  and  produced  by  the  model  for  each  ECO  and  site 
included  in  the  run.  Collectively,  these  data  outputs  comprise  a  comprehensive  and  detailed 
strategy  for  investing  in  all  ECO  (specified  for  appropriate  building  categories)  at  all  sites  in 
the  precise  order  which  maximized  the  selected  objective  function(s).  A  sample  illustration  of 
model  output  is  included  at  Appendix  E. 


-  Percent  investment  by  and  site 

-  Percent  cumulative  investment  start  by  ECO  and  site 

-  Annual  implementation  costs  by  ECO  and  site 

•  Annual  energy  savings  by  ECO  and  site 

-  Annual  demand  savings  by  ECO  and  site 

-  Annual  cost  savings  by  ECO  and  site 
>ji(AnnualenNoromnents^vmgsi^ 

Figure  3-6.  Standard  Data  Output  from  RIM 
3-5.  DEVELOP  AND  EVALUATE  INVESTMENT  STRATEGY  (TASK  4) 
a.  General 

(1)  This  task  involved  completing  and  testing  the  REEP  analytical  methodology  and 
applying  this  to  produce  Army  energy  investment  strategies  for  selected  objective  functions, 
energy  and  environmental  policies/goals,  and  budget  constraints.  REEP  investment  strategies 
were  formulated  to  present  detailed  site  and  ECO-speciftc  acquisition  plans  (i.e.,  what  to 
buy,  how  many,  where,  and  when)  and  the  macro,  as  well  as  the  detailed,  economic  and 
environmental  impacts  of  implementing  ECO.  In  accomplishing  this  task,  detailed  site- 
specific  ECO  data  and  representative  energy  program  scenarios  (derived  from  energy  policy 
and  sponsor  study  requirements)  were  used  in  conducting  RIM  runs  to  produce  energy 
investment  strategies.  Model  outputs  were  downloaded  to  a  Microsoft  EXCEL  spreadsheet 
program  and  the  results  summarized  to  illustrate  generated  investment  strategies. 

(2)  The  REEP  methodology  was  applied  to  various  stages  of  the  development  and 
testing  process  in  order  to  produce  successively  more  comprehensive  investment  strategies, 
evaluate  and  enhance  the  operation  of  RIM,  and  refine  the  methodology.  During  the  course 
of  the  study,  two  principal  applications  of  REEP  were  requested  by  the  study  sponsors.  The 
analysis  and  results  of  these  two  issues  are  presented  in  this  paragraph.  The  two  issues  raised 
were: 


(a)  What  should  the  investment  strategy  be  for  a  sample  of  16  ECO  (with  paybacks 
of  10  years  or  less)  at  US  Army  facilities  in  CONUS  that  maximizes  cost  savings  and  can  be 
implemented  completely  by  FY  2005? 

(b)  What  should  the  investment  strategy  be  for  47  ECO  (with  paybacks  of  10  years 
or  less)  specified  at  US  Army  facilities  in  CONUS  that  maximizes  cost  savings  and  can  be 
implemented  completely  by  FY  2005?  The  last  issue  served  as  a  "base  case,”  since  it 
considered  the  total  number  of  economically  feasible  ECO  identified  in  the  REEP  Study  and 
is  in  accordance  with  EPACT  and  Army  energy  policy. 

(3)  The  REEP  methodology  was  also  applied  in  the  REESIN  QRA  which  was 
performed  for  the  Assistant  Secretary  oithe  Army  for  Installations,  Logistics,  and 
Environment  (ASAILE).  In  support  of  ti^  National  Performance  Review  (NPR),  the  REESIN 
QRA  identified  energy  conservation  opportunities  and  strategy  for  their  investment  that 
maximize  cost  savings  and  pollutant  reduction  at  US  Army  facilities.  The  REESIN  QRA  is 
documented  in  a  separate  report. 
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(4)  Developing  an  ECO  investment  strategy  that  meets  the  EPACT  mandated  goal  of 
decreasing  energy  usage  per  square  foot  by  20  percent  between  1985  and  2000  was  not 
requested  as  an  application  of  the  REEP  methodology.  This  was  due  to:  (1)  the  Army  being 
already  close  to  meeting  this  requirement;  and  (2)  preliminary  runs  showed  that  the  10-year 
payback  requirement  significantly  dominated  the  energy  efficiency  improvement  requirement 
of  20  percent.  Therefore,  RIM  applications  that  were  requested  by  the  study  sponsors  focused 
on  the  EPACT  10-year  payback  requirement. 

b.  Demonstration  of  the  REEP  Methodology  in  Support  of  the  DOD/DOE  EPACT 
Review.  A  demonstration  of  the  REEP  methodology  was  prepared  and  presented  in  support 
of  the  DOD/DOE  EPACT  review  conducted  in  April  1993.  The  purpose  of  this 
demonstration  was  to  illustrate  the  capability  of  the  emerging  REEP  methodology  to  respond 
to  the  analytical,  planning,  and  decisionmaking  requirements  posed  by  enactment  of  EPACT. 
With  development  still  ongoing,  the  methodology  had  progressed  sufficiently  to  illustrate  its 
utility  for  addressing  EPACT  requirements.  Essential  data  processing  features  of  RIM  were 
operational,  and  a  representative  range  of  ECO  data  had  been  provided  by  CERL  and 
prepared  for  evaluation  by  RIM. 

(1)  The  basic  approach  used  was  to  develop  the  example  application  of  the 
methodology  using  16  ECO,  all  49  study  sites  (representing  about  75  percent  of  energy 
consumption  at  Army  facilities  in  CONUS),  the  EPACT  provision  requiring  all  ECO 
paybacks  of  10  years  or  less  to  be  implemented  at  Federal  facilities  by  2005,  and  the 
provision  of  EPACT  to  undertake  ECO  investments  that  maximize  cost  savings.  (Note:  the 
FY  2005  EPACT  payback  requirement  was  considered  in  all  subsequent  applications  of  the 
methodology.)  Two  variations  of  th:s  approach,  one  assuming  no  rollover  of  cost  savings  and 
one  assuming  a  50  percent  rollover  of  cost  savings,  were  used.  EPACT  includes  a  provision 
for  Federal  agencies  that  one-half  of  the  cost  savings  generated  by  an  ECO  should  be  “rolled 
over"  or  reinvested  in  additional  ECO.  The  rollover  variation  assumed  that  one-half  of  the 
cost  savings  resulting  from  ECO  implementation  would  be  made  available  the  year  following 
the  year  in  which  the  cost  savings  occur.  ECO  investments  using  cost  savings  from  rollover 
funds  were  in  addition  to  calculated  annual  investment  budget  amounts. 

(2)  The  16  ECO  (Figure  3-7)  considered  in  the  example  application  were  in  four 
categories  representing  a  variety  of  end  uses  and  ECO  operating  characteristics.  Each  ECO 
had  a  10- year  payback  or  less  at  one  or  more  of  the  49  sites.  The  49  sites  presented  a  wide 
range  of  facility  types,  prevailing  climatic  conditions,  and  servicing  utility  companies.  The 
12-year  time  span  (FY  1994-FY  2005)  used  to  coincide  with  the  EPACT  requirement, 
illustrated  RIM’s  capability  to  address  large  volumes  of  complex  data  over  long  program  and 
planning  horizons. 

(3)  The  specific  problem  addressed  in  the  example  application  was,  "What  should  the 
investment  strategy  be  for  a  sample  of  16  specified  ECO  (with  paybacks  s  10  years)  at 
CONUS  Army  facilities  that  both  maximizes  cost  savings  and  is  implemented  completely  by 
FY  2005?"  Key  assumptions  and  parameters  used  for  the  example  application  were: 

•  Address  49  sites  with  annual  utility  bill  >  $5  million 

•  Army  program/budget  for  ECO  acquisition  is  $32.9  million  annually  for  FY  94-FY  05 

•  No  rollover  of  cost  savings  (a  "what  if  variation  was  conducted  using  one-half 
rollover  of  cost  savings) 

•  Analysis  considers  only  appropriated  total  obligation  d  authority  (TOA);  no 
performance  contracts  or  rebates/special  rates 

•  No  economies  of  scale 

•  Opportunities  reported  by  CERL  for  implementing  ECO  were  as  adjusted  by 
market  penetration  surveys 
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•  Analysis  does  not  address  synergistic  effects 

•  All  dollars  are  expressed  as  FY  93  constant  dollars 


Category 

Ec6 

Lighting 

Install  occupancy  sensors 

Replace/relump  exit  signs 

Replace  incandescent  lamps  with  compact  fluorescent 

Install  T8  lames  and  electronic  baltasts 

Heating/Cooling 

Thermal  water  storage  for  load  management 

Install  high  efficiency  gas  furnaces  in  family  housing 

Install  modular  boilers 

Install  programmable  thermostats  in  family  housing 

Small  ventilation  motor  retrofit 

Medium  ventilation  motor  retrofit  (10-20  HP) 

Large  ventilation  motor  retrofit  (>20  HP) 

Envelop 

Insulate  FH  walls  with  blown-in  rockwool 

Install  window  solar  film 

Insulate  above  tile  ceilings  with  6  inches  insulation 

High  reflectance  roof  membrane 

Water 

Insulate  domestic  hot  water  tanks 

Figure  3-7. 16  ECO  Considered  in  Example  Application 

(4)  The  investment  cost  (with  no  rollovers)  of  complying  with  the  EPACT  requirement 
for  the  16  ECO  at  the  49  sites  was  annualized  between  FY  1994  and  FY  2005,  resulting  in  12 
equal  annual  budgets  of  S32.9M.  Based  upon  these  budgets,  RIM  was  used  to  generate  a 
detailed  investment  strategy  for  acquiring  all  ECO  at  all  sites  by  2005.  The  pattern  of  the 
ECO  acquisition  strategy  generated  by  the  model  is  graphically  depicted  in  Figures  3~8a  and 
3-8b.  Two  graphs  were  needed  to  accommodate  the  difference  in  how  individual  ECO  were 
measured  (i.e.,  some  ECO  were  measured  as  item  quantities  and  others  were  measured  in 
terms  of  square  feet).  The  results  shown  in  Figure  3-8b  are  categorized  into  4  groups  for 
graphical  clarity  purposes. 

(5)  Three  key  observations  were  made  from  these  results.  First,  that  ECO  performance 
varies  significantly  from  site  to  site.  That  is,  once  it  has  been  determined  that  an  ECO  will 
pay  back  in  10  years  or  less,  its  performance  at  each  individual  site  becomes  one  of  the  key 
factors  for  evaluation  by  RIM.  ECO  performance  variations  among  the  sites  were,  in  most 
part,  attributable  to  regional  climatology,  rates  charged  by  servicing  utilities,  types  of  fuel 
used  by  servicing  utilities  to  generate  electricity,  and  types  of  buildings  at  the  sites.  The  net 
result  of  these  factors  was  that  most  ECO  were  shown  to  have  wide-ranging  cost  savings 
performance  across  the  various  study  sites.  None  of  the  ECO  were  shown  to  be  the  top  cost 
savings  performer  for  all  sites. 

(6)  Secondly,  only  2  of  the  16  ECO  (compact  fluorescent  lighting  and  insulating  hot 
water  tanks)  showed  superior  cost  savings  performance  across  most  sites  and  were  almost 
fully  acquired  in  the  initial  program  years.  Patterns  for  several  other  ECO  show  that  they 
were  acquired  early  at  several  sites,  but  delaye  ‘  "•ubstantially  at  those  sites  where  cost 
savings  were  comparatively  at  the  lower  end  of  e  cost  savings  range. 
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Figure  3-8b.  Acquisition  Pattern  for  16  ECO  (Expressed  in  4  Categories)--No  Rollover 
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(7)  And  lastly,  the  results  showed  that  RIM  considered  the  relative  investment  cost  in 
comparison  to  the  cost  savings  associated  with  an  ECO,  Of  the  site,  ECO  combinations 
available,  RIM  always  acquired  the  ones  with  the  greatest  cost  savings  for  invested  dollar. 

(8)  Figure  3-9  summarizes  selected  model  results  for  the  example  application.  Results 
have  been  summarized  to  show  the  impacts  of  implementing  the  16  ECO  over  the  study 
period,  FY  1994  through  FY  2005,  under  an  investment  strategy  which  maximizes  cost 
savings.  A  cost  savings  of  $1.1  billion  was  generated  over  the  study  period  from  a  total 
investment  of  $395  million.  Th«s  was  a  return  of  $2.78  for  each  dollar  invested  over  the  study 
period.  This  cost  savings  impact  would  be  $2.1  billion  if  measured  over  the  useful  life  of 
ECO  rather  than  limited  to  the  study  period.  This  represents  a  return  of  $5.31  for  each 
invested  dollar.  RIM  also  determined  the  immediate  impacts  of  ECO  acquisition  on  energy 
and  demand  savings  and  pollutant  reduction. 


Investment  costs:  &395  million  (FY  1993  dollars) 

.  — .  — —  *  j|a  ■ 


All  Investment  is  made  from  calculated  Army  budyets 


tost  savings 
Energy  savings 
Demand  savings 
Pollutant  reduction 


$1.1  Billion 
15.7  Million  Mbtu 
4.18  Million  kilowatts 
7.82  Million  short  tons 


Figure  3-9.  Selected  Output  for  16  ECO  With  No  Rollover 
(FY  1994-FY  2005) 


(9)  A  variation  of  the  analysis  was  conducted  and  presented  to  illustrate  the  flexibility 
of  RIM  to  accommodate  changes  in  policy  and  scenario  assumptions  and  to  highlight  the 
impact  of  an  ECO  cost  savings  rollover  policy.  This  variation  assumed  that,  in  addition  to  the 
annual  investment  budget  amount  of  $32.9M,  one-half  of  the  cost  savings  generated  by  ECO 
implementation  would  be  retained  for  investment  in  additional  ECO.  ECO  acquisition 
strategies  (with  rollover  effects)  generated  are  graphically  depicted  in  Figures  3- 10a  and  3- 
10b.  A  major  impact  of  cost  savings  rollover  was  that,  given  annual  budgets  of  $32.9  million, 
all  ECO  were  acquired  by  FY  2000.  That  is,  the  EPACT  requirement  for  2005  was  met  5 
years  earlier  than  mandated  without  increasing  the  budgets. 


Figure  3-10a.  Acquisition  Pattern  for  16  ECO — 50  Percent  Rollover  (FY  94-FY  05) 
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Figure  3-10b.  Acquisition  Pattern  for  16  ECO  (Expressed  in  4  Categories) — 50  Percent 

Rollover  (FY  94-FY  05) 

(10)  Table  3-3  compares  the  overall  results  of  the  no  rollover  and  rollover  runs.  Results 
have  been  summarized  to  show  the  impacts  of  implementing  the  16  ECO  over  the  study 
period,  FY  1994  through  FY  2005,  under  an  investment  strategy  which  maximizes  cost 
savings.  A  cost  savings  of  $1.27  billion  was  generated  in  the  rollover  case,  or  $170  million 
more  than  with  no  rollover.  Since  one-half  of  this  amount,  or  $85  million,  was  used  to 
augment  the  assumed  investment  budget,  the  model  acquired  more  ECO  earlier,  resulting  in 
greater  overall  cost  savings.  While  the  total  ECO  investment  cost  was  $395  million  in  each 
case,  only  $172.3  million  was  provided  from  budgeted  investment  funds  in  the  rollover  case. 
The  balance  of  the  total  acquisition  cost,  $222.7  million,  was  funded  through  rollover  funds. 
Investing  in  the  16  ECO  provided  a  return  of  $7.31  (over  the  study  period)  for  each  budget 
dollar  invested  and  a  return  of  $3.22  (over  the  study  period)  for  each  total  dollar  (budget  and 
plus  rollover)  invested.  As  with  the  no  rollover  case,  impacts  of  the  rollover  variation  would 
be  substantially  higher  if  calculated  over  the  useful  life  of  ECO  rather  than  limited  to  the 
study  period.  The  >2. 1  billion  savings  generated  over  the  useful  lives  of  the  ECO  equates  to  a 
return  of  $12.19  for  each  budgeted  dollar  invested  and  $5,32  for  each  total  dollar  invested. 


Table  3-3.  Comparative  Results  for  16  ECO-No  Rollover  versus  50  Percent  Rollover 

(FY  94-FY  05) 


With  50%  rollover 

No  rollover  [ 

ilO'lTlTlirinHH 

■aani  MfiTrro  ■ 

wummmimi&mmi 

HBHBBimrIXTiTr'nBMHI 

■■■■KtKlIlVlHBi 

■■■■■■aFYrrnrrrnBMHi 
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c.  Base  Case  Application  of  the  REEP  Methodology 

(1)  The  investment  strategy  formulation  portion  of  the  REEP  Sudy  effort  culminated  in 
the  development  of  a  base  case  application  of  the  methodology.  This  application  addressed 
all  ECO  developed  and  evaluated  by  CERL  for  the  study  which  had  a  payback  10  years  or 
less  at  one  or  more  of  the  study  sites.  The  47  ECO  that  met  the  payback  criterion  are 
identified  in  Figure  3-rl  1.  The  key  assumptions  and  parameters  applied  in  the  base  case  are 
listed  in  Figure  3-12.  The  same  method  used  to  calculate  the  annual  budget  requirements  in 
the  DOE/DOD  EPACT  application  was  applied  here.  The  calculated  annual  investment 
budget  was  increased  to  $87.9  million  to  cover  the  cost  of  the  additional  31  ECO.  The  Army 
policy  requiring  one-third  of  ECO  cost  savings  to  be  rolled  over  into  additional  ECO  (which 
had  been  recently  reevaluated  and  affirmed  by  Headquarters,  Department  of  the  Army 
(HQDA))  was  applied  in  the  development  of  the  investment  strategy.  The  number  of 
opportunities  remaining  to  implement  ECO  were  adjusted,  as  necessary,  to  reflect  the  results 
of  the  second  market  penetration  survey.  The  results  of  the  second  survey  are  shown  in  Table 
3-2.  The  base  case  applied  the  objective  function  of  maximizing  cost  savings  per  EPACT 
guidance. 

(2)  The  enormity  and  complexity  of  the  base  case  problem  to  be  solved  in  RIM  is 
reflected  by  the  characteristics  of  the  optimization  matrix  as  shown  in  Figure  3-13.  The 
additional  ECO  had  geometrically  expanded  the  size  and  complexity  of  the  investment 
strategy  problem.  This  would  also  occur  if  additional  sites  or  ECO  were  added  to  the 
analysis.  In  producing  results  for  the  base  case,  RIM  demonstrated  its  capability  as  a 
powerful,  flexible  analytical  support  tool. 


Lighting 

Envelope  ] 

Radiant  barriers  ( 

— •CTTTTOItllMANHflf.'-HfltT— — 

■■iffiinrwi'iTTiiPiir1"— ■ — 

Occupancy  sensors 

Solar  shading  devices 

Replace  mercury  vapor  with  high  pressure  sodium 
lamps 

family  housing  blown-in  insulation 

6.5  inches  of  additional  ceiling  insulation 

Electrical 

Water 

1  lnl  HE  ill'll!  II  ill  1 II  Hi  |i|  'li— — — — 

Water  heater  Insulation  blanket 

Medium  size  ventilation  motor  retrofit 

—  ITTITTUHTI  I1  HI  V'MW—— 

Faucet  flow  restrictors 
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Desuperheaters 

Medium  ventilation  motor  retrofit  with  adjustable  speed 
drive 

Hot  water  heat  pump 

iE  ESgffffl  SSE3C3fiBB0C3  iJtikp 

Instantaneous  hot  water  heaters 

Heating/cooling 

Utilities 

Heating  distribution  repair 

Ventilation  heat  recovery 

Cool  storage 

IWrammable  thermostats  in  family  housing 

birect-fired  gas  fired  chillers  greater  than  100  tons 

Seal  duct  leaks 

High  efficiency  gas  furnaces  for  family  housing 

Energy  management  control  system 

Renewables 

Solar  water  heating  for  family  housing 
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High  SEER/air  conditioning  units 

Miscellaneous 

Microclimate  modifications  I 

Solurwall 

Refrigerator  replacements  for  family  housing 

Solar  water  heating  for  barracks 

Figure  3-11.  ECO  Considered  in  Base  Case  Application 
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-  Addresses  49  Amiy  sites  with  annual  utility  bill  greater  than  $5  million. 

-  Army  program/budget  input  is  S87.9  million  annually  for  FY1994  -  2005, 

-  One-third  of  the  cost  savings  are  “rolled  over”  for  additional  ECO  investment. 

-  Analysis  considers  only  total  obligation  al  authority,  no  performance  contracts  or  rebates/special  rates. 

-  Considers  ECO  at  installations  where  there  will  be  a  payback  less  than  or  equal  10  years. 

-  No  ECO  economies  of  scale. 

-  Fuel  prices  increase  at  the  same  rate  us  inflation. 

-  Analysis  does  not  address  synergistic  effects. 

Figure  3-12.  Key  Assumptions  and  Parameters  for  Base  Case  Application 


Optimization  matrix 

-  39,158  Constraints 

-  71,558  Variables 

-  32,400  Decision  variables 

-  39,158  Slack  variables 

-  206,402  Coefficients 

Hardware/software 

-  RISC  6000 

-UNIX 

-  IBM  Optimization  Subroutine  Library  (OSL) 
•  Macintosh  llfx 

~  Microsoft  Excel 

Figure  3-13.  RIM  Characteristics 


(3)  The  overall  investment  strategy  produced  by  the  model  for  the  base  case  showed 
that  4  of  the  47  ECO  (shower  and  faucet  water  flow  restrictors,  manhole  sump  repairs,  and 
heating  distribution  repairs)  had  exceptional  cost  savings  performance  at  all  sites  and  were 
fully  acquired  by  the  model  in  the  first  year  (FY  94).  Six  others  showed  markedly  superior 
cost  savings  performance  at  most  sites.  Two  of  these  (water  heater  blankets  and  seal  duct 
leaks)  were  fully  acquired  by  the  second  year,  and  four  more  (compact  fluorescent  lights,  exit 
lights,  programmable  thermostats,  and  microclimate  modifications)  were  90  percent  procured 
by  the  third  year.  The  strategy  generally  delayed  the  acquisition  of  four  ECO  (high  efficiency 
AC  units  for  family  housing,  wind  energy,  solar  water  heating  for  barracks,  and  small 
variable  speed  drives)  in  favor  of  other  ECO  since  the  model  determined  that  they  were 
comparatively  less  attractive  cost  savers.  The  model  produced  a  widely  dispersed  acquisition 
strategy  for  the  remaining  33  ECO.  This  was  attributable  to  the  wide  variation  in  ECO  cost 
savings  performance  among  the  sites. 

(4)  Impacts  of  the  base  case  investment  strategy  for  the  study  period  and  the  useful  life 
of  the  ECO  are  summarized  in  Table  3-4.  Applying  annual  investment  budgets  of  $87.9 
million  and  one-third  cost  savings  rollover,  all  47  ECO  were  fully  acquired  by  FY  2001  at  a 
total  cost  of  $1.1  billion.  Breakout  of  ECO  investment  funding  rources  used  in  the  model 
was:  $684  million  from  annual  Army  investment  budgets;  and  $371  million  from  the  one- 
third  cost  savings  rollover  policy. 
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Table  3-4.  Base  Case  Strategy-Results  for  Study  Period  versus  System  Life 


Maximize  cost  savings  case 
FY  1994  -  2005 

Life  cycle  impacts 

Investment  cost 

Programmed 

From  rollover 

Total 

$  683,867,000 
$  371,477,000 
$  1,055,344,000 

$  683,867,000 
$  371,477,000 
$  1,055,344,000 

Cost  savings 

$2,361,772,000 

$4,262,166,000 

Pollutant  Reduction  (short  tons) 

22,230,343 

40,925,531 

Energy  savings  (Mbtu) 

151,462,000 

287,401,000  i 

Demand  savings  (kW) 

6,710,926 

12,569,319  1 

(5)  The  base  case  strategy  produced  a  cost  savings  of  $2.4  billion  over  the  12-year 
period  of  analysis  and  $4.3  billion  over  the  useful  lives  of  the  ECO  (which  normally  were 
between  15  and  20  years).  For  each  budget  dollar  the  model  invested  in  ECO,  results  show  a 
return  of  $3.45  over  the  study  period  and  $6,23  over  the  life  cycles  of  the  ECO.  For  each  total 
dollar  invested,  results  show  a  $2.24  return  over  the  study  period  and  $4.04  over  the  useful 
lives  of  the  ECO.  When  measured  over  the  useful  lives  of  the  ECO,  energy  and  electrical 
demand  savings  and  pollution  reduction  are  shown  to  be  approximately  double  those  same 
impacts  over  the  study  period.  Maximum  annual  cost  savings  of  $249  million  are  generated 
by  FY  2002.  Under  current  Army  policies,  the  disposition  of  these  annual  savings  would  be 
as  follows:  one-third  retained  by  the  installations  producing  the  savings  for  investment  in 
quality  of  life  resources  (which  could  be  additional  ECO);  one-third  for  investment  in  new 
ECO  at  the  installations;  and  one-third  to  be  returned  to  the  US  Treasury. 

(6)  One  of  the  goals  of  EPACT  is  to  reduce  US  oil  imports  (which  has  also  been  a  long¬ 
standing  goal  of  the  Federal  government  as  well).  Based  on  data  from  CERL,  approximately 
19  percent  of  the  annual  energy  savings  produced  by  the  ECO  is  attributable  to  reduced  oil 
usage  at  Army  facilities  and  servicing  electric  utilities  (which  use  oil  as  a  primary  fuel  source 
to  produce  electricity).  Applying  this  percentage  to  the  annual  energy  savings  of  16,823,804 
Mbtu  generated  from  the  47  ECO  at  the  49  CONUS  sites  saves  3,196,523  Mbtu  from 
decreased  oil  consumption.  According  to  CERL,  one  barrel  of  oil  can  produce  about 
6.347369  Mbtu.  Thus,  503,598  barrels  of  oil  (3,196,523  Mbtu  /  6.347369  Mbtu  per  barrel) 
would  be  saved  annually  if  the  47  ECO  were  implemented  at  the  49  CONUS  sites.  Currently 
about  42  percent  of  oil  products  supplied  in  the  US  is  imported.  Therefore  as  a  result  of 
implementing  the  ECO  specified,  about  21 1,51 1  fewer  barrels  of  oil  would  need  to  be 
imported  annually  in  the  US. 

3-6.  SUMMARY.  The  utility  and  flexibility  of  using  the  REEP  methodology  for  analyzing 
energy  policy  and  programmatic  issues  can  be  characterized  by  its  ability  to  incorporate 
changes  and  improvements  in  energy/environmental  goals,  engineering  and  cost  data, 
analytical  tools  and  scenarios.  The  study  identified  47  economically  feasible  ECO  (all  of 
which  are  commercially  available)  at  49  major  energy  consuming  Army  sites  in  CONUS. 
Economically  feasible  ECO  were  characterized  by  having  a  payback  of  10  years  or  less.  Two 
surveys  conducted  during  the  study  indicated  that  between  70-98  percent  of  the  economic 
potential  for  most  of  these  ECOs  remains  at  Army  facilities  in  CONUS.  The  REEP 
Investment  Model  (RIM)-a  multiobjective  linear  investment  programming  uodel  developed 
and  evaluated  optimal  renewable  energy  and  energy  efficiency  strategies  at  th  *  designated 
Army  CONUS  sites  on  a  yearly  basis  for  selected  objective  functions,  budget  constraints  and 
energy/environmental  policies  and  goals.  Defense  and  nondefense  funding  programs  were 
identified  and  discussed  as  part  of  the  REEP  analysis  for  ECO  acquisition.  The  two 
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applications  of  the  REEP  methodology  show  that  substantial  economic,  energy,  and 
environmental  benefits  would  result  from  analytically  based  strategies  for  investment  in  ECO 
at  US  Army  facilities.  To  maintain  the  integrity  of  REEP  analyses,  all  data,  data  bases  and 
models  used  must  be  updated  and  maintained  on  a  regular  basis. 


3-21 


APPENDIX  A 


STUDY  CONTRIBUTORS 


1.  STUDY  TEAM 

a.  Study  Director 

Mr.  Steven  B.  Siegel,  Force  Systems  Directorate 

b.  Team  Members 

COL  John  B.  Harrington 
LTC  Andrew  Loerch 
Dr.  Robert  J.  Schwabauer 
Ms.  Vas  I.  Mantzouranis 
Mr.  Mark  T.  Clements 
Mr.  Duane  E.  Gory 
Ms.  Dana  G.  Uiukle 

c.  External  Team  Members 

Mr.  Donald  F.  Fournier,  Jr.,  CERL 
Mr.  Robert  J.  Nemeth,  CERL 
Mr.  Lee  A.  Edgar,  CERL 
Mr.  John  J.  Krajewski,  EHSC 
Mr.  Rodger  Cundiff,  EHSC 

d.  Other  Contributors 

LTC  Rodger  Pudv/ill 
Mr.  Diego  Roque 
LTC  Michael  Burchett 
LTC  James  Goodenkauf 
CPT  William  Mann 
Ms.  Nancy  M.  Lawrence 
Ms.  Tina  H.  Davis 

2.  PRODUCT  REVIEW  BOARD 

Mr.  Ronald  J.  Iekel,  Chairman 

MAJ  Kem  Wilson 

Mr.  Raymond  McDowall 


3.  EXTERNAL  CONTRIBUTORS 

Mr.  Gary  Schanche,  CERL 
Mr.  David  Joncich,  CERL 
MAJ  Lawrence  Haller,  LEA 
MAJ  Susan  McDonald.  LEA 
Mr.  Grant  Keath,  LEA 
Ms.  Fern  Gaffey,  LEA 

Mr.  Robert  Starling,  Corps  of  Engineers,  Huntsville  Division 


CAA-SR-93-7 


Mr.  Plyler  McManus,  Corps  of  Engineers,  Huntsville  Division 

Mr.  Arkie  Fanning,  Corps  of  Engineers,  Huntsville  Division 

Ms.  Linda  Murray,  Corps  of  Engineers,  Huntsville  Division 

Mr.  William  Christner,  EHSC 

Mr.  Satish  Sharma,  EHSC 

Mr.  Bemie  Wasserman,  EHSC 

Mr.  Lou  Keller,  EHSC 

Mr.  James  Donnelly,  EHSC 

Mr.  Hank  Gignilliat,  EHSC 

Mr.  Harry  Goradia,  EHSC 

Mr.  William  Stein,  The  Army  Energy  Office 

Mr.  James  Woods,  GSA 

Mr.  James  Wolfe,  The  Alliance  to  Save  Energy 

Mr.  Mark  Hopkins,  The  Alliance  to  Save  Energy 

Mr.  Douglas  Dahle,  DON 


CAA-SR-93-7 


APPENDIX  B 
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MEMORANDUM  FOR  Director,  U.S.  Army  Concepts  Analysis  Agency, 

ATTN:  CSCA-FSR,  8120  Woodmont  Avenue, 

Bethesda,  Maryland  20814-2797 

SUBJECT:  Renewables  and  Energy  Efficiency  Planning  (REEP)  - 
Study  Directive 


1.  PURPOSE  OF  STUDY  DIRECTIVE.  This  directive  tasks  the  U.S. 
Army  Concepts  Analysis  Agency  (CAA)  to  develop  and  apply  an 
analytical  methodology  for  evaluating  the  economic  potential  for 
investment  in  energy  efficiency  and  renewable  energy  in  Army 
facilities. 

2.  STUDY  TITLE.  Renewable  and  Energy  Efficiency  Planning 
(REEP) . 

3.  BACKGROUND.  The  Army  requires  a  quick  turnaround  decision 
support  capability  that  can  evaluate  renewable  energy  and  energy 
efficiency  investment  issues.  The  requirement  for  this 
capability  is  based  upon  the  increasingly  complex  nature  of 
analyzing  the  potential  for  renewable  energy  and  energy 
efficiency  in  the  Army  when  considering  factors,  such  as  energy 
system  costs  and  performance,  policy  requirements,  alternative 
sources  of  funding,  budget  constraints,  the  industrial  base, 
environmental  considerations  and  institutional  characteristics. 
An  analytical  methodology  that  can  logically  incorporate  these 
factors  in  support  of  the  energy  investment  decision  making 
process  in  the  Army  will  be  developed  and  applied  in  the  study. 

4.  STUDY  SPONSOR.  The  Assistant  Chief  of  Engineers,  Department 
of  the  Army,  and  the  Associate  Chief  of  Engineers  for  Strategic 
Initiatives,  U.S.  Army  Corps  of  Engineers,  are  the  study 
sponsors.  Mr.  John  Krajewski,  U.S.  Army  Engineering  and  Housing 
Support  Center  (EHSC)  will  serve  as  the  sponsor's  representative. 

5.  TERMS  OF  REFERENCE. 

a.  Purpose.  The  purpose  of  the  study  is  to  develop  and 
apply  an  analytical  methodology  for  evaluating  the  economic 
potential  for  investment  in  energy  efficiency  and  renewable 
energy  in  Army  facilities. 
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SUBJECT:  Renewables  and  Energy  Efficiency  Planning 
Study  Directive 


0  1  M  t992 

(REEP)  - 


b.  Scope. 

(1)  Timeframe  of  analysis:  FY  1993-2010. 

(2)  Analysis  will  be  conducted  in  two  phases.  Phase  I 
focuses  on  FY  1993-1999'  and  Phase  II  covers  FY  1993-2010. 

(3)  Army  facilities  in  the  U.S.  only. 

(4)  Consider  renewable  energy  and  energy  efficiency 
technologies  and  activities  that  are  in  research,  development, 
demonstration,  and  commercialization  phases  of  their  life  cycle . 

(5)  Public  and  private  financial  sources. 

c.  The  objectives  are: 

(1)  Estimate  the  energy  and  cost  savings  that  could  result 
from  economic  investment  in  energy  efficiency  and  renewable 
energy  in  Army  facilities. 

(2)  Estimate  the  costs  associated  with  the  economic 
investment  in  renewable  energy  and  efficiency  in  Army  facilities. 

(3)  Identify  potential  sources  of  funding  for  energy 
efficiency  and  renewable  energy  investment  in  Army  facilities. 

(4)  Develop  and  evaluate  investment  strategy  alternatives 
for  undertaking  economic  investment  in  Army  facilities. 

6 .  RESPONSIBILITIES . 

a.  The  study  sponsors  will: 

(1)  Provide  a  study  point  of  contact  (POC) . 

(2)  Assist  in  providing  CAA  with  available  data  and  points 
of  contact  as  required. 

(3)  Prepare  an  analysis  of  study  results  IAW  AR  5-5,  Army 
Studies  and  Analyses. 

(4)  Establish  a  Study  Advisory  Group  (SAG) .  Schedule  in- 
process  reviews  as  required. 
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CEHSC-FU-M  0  1  JUN  1992 

SUBJECT:  Renewables  and  Energy  Efficiency  Planning  (REEP)  - 
Study  Directive 


b.  The  study  agency,  CAA,  will: 

(1)  Designate  a  study  director  and  establish  a  full-time 
study  team. 

(2)  Establish  direct  communications  with  HQDA  and  other 
organizations  required  for  the  conduct  of  the  study. 

(3)  Provide  in-process  reviews  as  requested  and  a  final 
study  report  to  the  study  sponsors. 

7.  ADMINISTRATION. 

a.  CAA  will  provide  all  administrative  support  necessary  for 
the  conduct  of  the  study. 

b.  Funds  required  for  TDY  will  be  provided  by  the  study 
sponsors.  (Approximately  $10, COO) 

c.  Milestone  Schedule: 

Approval  of  Study  Directive  1  May  92 

In-process  Reviews  Each  2-3  Months 

Present  Study  Results 

Phase  I  26  Feb  93 

Phase  II  30  Apr  93 

Publish  Final  Report  1  Jul  93 

d.  EHSC  in  coordination  with  CAA,  will  prepare  the  initial 
DD  Form  1498,  Research  and  Technology  Work  Unit  Summary. 

e.  CAA  will  submit  the  final,  approved  study  report  to 
Defense  Technical  Information  Center  (DTIC) . 

f.  CAA  will  provide  study  results  to  the  study  sponsors  as  a 
study  report. 
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CEHSC-FU-M 

SUBJECT:  Renewable  and  Energy  Efficiency  Planning 
Directive 


0  1  JUN  1992 
(REEP)  -  Study 


g.  This  tasking  directive  has  been  coordinated  with  CAA  IAW 
paragraph  4,  AR  10-38,  United  States  Army  Concepts  Analysis 
Agency . 


FOR  THE  CHIEF  OF  ENGINEERS: 


Engineers 


IOBERTSON 
Associate  Chief  of  Engineers 
Strategic  Initiatives 
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APt^NDIXC 

MMtlOGJtAPKY 


DEPARTMENT  OF  THE  ARMY 
Department  of  the  Army  (DA)  PtibliowHano 

AR  5-4,  Department  of  the  Army  Productivity  Improvement  Program,  1  August  V9$2 

AR  1 1-27,  Army  Energy  Program,  14  July  1989 

AR  37-14,  Programming  and  Financing  of  Facilities  at  Military  Installations  Utilized  by 
Two  or  More  Department  of  Defense  Components,  1  April  1979 

AR  37-49,  Budgeting,  Funding,  and  Reimbursement  for  Base  Operations  Support  of  Army 
Activities,  15  October  1978 

AR  70-15,  Product  Improvement  of  Materiel,  15  June  1980 

AR  415-28,  Department  of  the  Army  Facility  Classes  and  Construction  Categories 
(Category  Codes),  November  1981 

AR  415-15,  Military  Construction,  Army  (MCA)  Program  Development,  1  December  1983 

AR  415-35,  Minor  Construction,  Emergency  Construction,  and  Replacement  of  Facilities 
Damaged  or  Destroyed,  15  September  1983 

AR  420-10,  Management  of  Installation  Directorates  of  Engineering  and  Housing,  2  July 
1987 

AR  420-17,  Real  Property  and  Resource  Management,  1  July  1980 

DA  Memorandum,  DALO-TSE,  subject:  Energy  Cost  Savings  Identification,  Retention  and 
Reuse,  2  March  1993 

DA  Memorandum  (Chief  of  Staff  and  Secretary  of  the  Army),  subject:  The  Army  Plan 
(TAP)  FY  1 994-2009,  1 0  October  1991 

Department  of  the  Army,  The  Army  Energy  Office,  Energy  Resources  Management  Plan,  FY 
86  -  FY  95,  September  1989 

The  Army  Energy  Office,  The  Army  Energy  Plan,  1985 

US  Army  Engineer  Division,  Huntsville  (USAEDH),  Shared  Energy  Savings  Lessons 
Learned,  CEHND  1 1 15-3-518,  May  1990 

US  Army  Concepts  Analysis  Agency,  Renewables  and  Energy  Efficiency  Sustainable 
Investment  (REESIN),  1993 

US  Army  Corps  of  Engineers,  Construction  Engineering  Research  Laboratory,  Renewables 
and  Energy  Efficiency  Planning,  1  July  1993 
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US  Army  Corps  of  Engineers  Huntsville  Division,  Energy  Program  and  Funding  Alternative 
Training  Manual,  28  -29  April  1992 

US  Army  Engineering  and  Housing  Support  Center,  Utilities  Engineering  Division,  Energy 
Branch,  January,  1992 

MISCELLANEOUS 

Alliance  to  Save  Energy,  Third-Party  Financing:  Increasing  Investment  in  Energy  Efficient 
Industrial  Projects,  November  982 

Alliance  to  Save  Energy,  Utility  Promotion  of  Investment  in  Energy  Efficiency:  Engineering, 
Legal,  and  Economic  Analyses,  August,  1983 

Assael,  Henry,  Consumer  Behavior  and  Marketing  Action,  Kent  Publishing  Company, 
Boston,  MA,  1981 

Congress  of  the  United  States,  Office  of  Technology  Assessment,  Energy  Efficiency  in  the 
Federal  Government  by  Good  Example?  OTA-E-492,  May,  1991 

Department  of  the  Navy,  Naval  Facilities  Engineering  Command,  DOD  Shared  Energy 
Savings  Program,  10  December  1991 

Defense  Energy  Program  Policy  Memorandum  (DEPPM)  92-2,  subject:  Energy 
Conservation  Investment  Program  Guidance,  4  March  1992 

Defense  Logistics  Agency,  Defense  Technical  Information  Center,  Making  Shared  Energy 
Savings  Work,  Report  #  AL703R 1 ,  July  1988 

Energy  Information  Administration,  Monthly  Energy  Review  DOE/EIA-0035(93/06),  June 
1993 

Lane  &  Edson,  P.C.  and  The  Alliance  to  Save  Energy,  Performance  Contracting  for  Energy 
Efficiency  Improvements:  A  Guide  for  Tennessee  Businesses  (A  Guide  for  Governmental  and 
Non-profit  Organizations),  April  1986 

National  Energy  Strategy,  DOE/S-0082P,  First  Edition  1991/1992 

New  York  State  Energy  Research  and  Development  Authority,  Contract  by:  Technical 
Development  Corporation,  Boston,  Massachusetts,  The  Detailed  Guide  to  Energy  Performance 
Contracting  in  Public  Schools,  1990 

Office  of  the  Assistant  Chief  of  Engineers,  US  Army  Engineering  and  Housing  Support 
Center,  Facilities  Engineering  and  Housing  Annual  Summary  of  Operations,  Volume  III, 
Installations  Performance,  FY  1991 

Office  of  Federal  Energy  Management  Programs,  Federal  Energy  Management  Activities, 
DOE/CE-0348P,  #  3,  1991 

Payne,  F.  W„  ed.  Creative  Financing  for  Energy  Conservation  and  Cogeneration,  Atlanta: 
Fairmont  Press,  1984 

President’s  Commission  on  Environmental  Quality:  Energy  Efficiency  Resource  Directory: 

A  Guide  to  Utility  Programs,  September,  1992 
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Public  Law  99-272.  The  National  Energy  Conservation  Policy  Act,  April  1986 
Public  Law  100-615,  The  Federal  Energy  Management  Improvement  Act,  1988 


Summary  of  Energy  Efficiency  and  Renewable  Energy  Provisions  in  the  Energy  Policy  Act 
of  1992  (P.L.  102-486) 

United  States  Code  Congressional  and  Administrative  News,  102nd  Congress,  Second 
Session,  No.  10,  Public  Laws  102-402  to  102-518,  Legislative  History:  Public  Laws  102-379 
to  102-429,  December,  1992 

United  States  General  Services  Administration,  Shared  Energy  Savings  Contracting  for 
Federal  Agencies:  Student  Manual,  June  1991 

United  States  Department  of  Energy,  Annual  Report  to  Congress  on  Federal  Government 
Energy  Management  and  Conservation  Programs,  Fiscal  Year  1990,  18  September  199 1 

The  White  House,  Executive  Order  12759,  Federal  Energy  Management,  17  April  199! 

The  Alliance  to  Save  Energy,  Energy  Use  in  Federal  Facilities:  Squandering  Taxpayer 
Dollars  and  Needlessly  Polluting  the  Environment,  January  1991 
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APPENDIX  D 

MATHEMATICAL  DESCRIPTION 
OF  THE 

KEEP  INVESTMENT  MODEL 


D-I.  INTRODUCTION.  This  appendix  presents  a  formal  technical  description  of  the  core 
methodology  of  the  REEP  Investment  Model  (RIM).  In  addition,  it  contains  the  equations  for 
the  recently  implemented  prototype  methodology  involving  economies  of  scale.  A  sequential 
use  of  the  objective  functions  and  an  example  of  optional  additional  constraints  are  also  given. 
The  postprocessing  equations,  which  are  found  on  the  spreadsheets,  are  not  presented  here  as 
they  are  never  seen  by  the  optimizer.  (Many  of  the  postprocessing  equations  convert  percentage 
results  into  quantity  values  and/or  take  into  account  the  quantity  penetration  prior  to  the  first 
model  year.  See  the  spreadsheets  in  Appendix  E  for  examples  of  the  postprocessing  equations.) 

D-2.  INDEX  USAGE 

a.  Upper  Limits  and  Indices 

(1)  S  Total  number  of  sites. 

(2)  s  Site  index,  where  s  =  1,2,...,S. 

(3)  E  Total  number  of  different  ECO. 

(4)  e  ECO  index,  where  e  =  1,2,...,£. 

(5)  T  Total  number  of  years  in  the  planning  period. 

(6)  t  Planning  year  index,  where  t  =  1 ,2 . T. 

(7)  i  Objective  function  component,  where  i  =1,2, 3,4. 

b.  Note  on  the  Dimensionality  of  the  Study.  In  the  core  spreadsheets  configuration,  the 
total  numbers  S,  E,  and  T  of  sites,  ECO,  and  planning  years  are  respectively  50,  54,  and  12.  The 
12  planning  years  are  from  FY  94  through  FY  05.  The  decision  variables  below  are  indexed  by 
all  three  of  s,  e,  and  t.  Hence  there  are  (50)(54)(12)  =  32,400  decision  variables.  An  economies 
of  scale  ECO  contains  an  additional  (50)(  12)  decision  variables,  indexed  by  s  and  t ,  and  has  12 
binary  variables  indexed  by  t. 

D~3.  DATA 

a.  ECO-Specific  Data 

(1)  ICse  Initial  cost  for  a  1  percent  replacement  of  old  technology  at  site  s  by  ECO  e  . 

(2)  CSstl  Cost  savings  from  a  1  percent  replacement  of  old  technology  at  site  s  by  ECO  e 
in  year  t .  Yearly  differences  in  this  element  occur  in  scenarios  where  energy  prices  fluctuate 
differently  than  the  rate  of  inflation. 

(3)  ESU  Energy  savings  from  a  1  percent  replacement  of  old  technology  at  site  s  by 
ECO  e. 
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(4)  DSje  Demand  savings  from  a  1  percent  replacement  of  old  technology  at  site  s  by 
ECO  e. 

(5)  VSst  Environmental  savings  (pollution  abated)  from  a  1  percent  replacement  of  old 
technology  at  site  s  by  ECO  e. 

(6)  RPse  Remaining  percent  investment  potential  at  the  start  of  the  planning  period  at  site 
s  of  ECO  e. 

b.  Budget  Data 

(1)  BG,  Budget  for  year  t. 

(2)  RO  fraction  of  the  previous  year's  cost  savings  that  can  be  rolled  over  to  supplement 
current  year's  budget. 

c.  Objective  Function  Data 

Wt  Weight  of  objective  function  component. 

d.  Optional  Data  Examples 

(1)  XES  Indicates  the  objective  function  result  from  a  maximized  energy  saving 
optimization  to  be  maintained  in  a  subsequent  cost  savings  maximization.  The  purpose  of  the 
second  optimization  is  to  maximize  cost  savings  without  lowering  the  previously  achieved 
energy  savings. 

(2)  AE  Minimum  fraction  of  energy  saving  improvement  over  energy  savings  of  ECO 
penetration  before  planning  period.  For  example,  if  AE  ~  .5,  the  additional  energy  savings  for 
the  last  planning  year  (FY  05)  is  required  to  be  at  least  50  percent  of  that  achieved  in  the  year 
before  the  planning  period  (FY  93). 

e.  Economies  of  Scale  Data 

(1)  QUse  Quantity  (e.g.,  number  of  items,  or  of  square  feet)  invested  in  by  a  1  percent 
replacement  of  old  technology  at  site  s  by  ECO  e. 

(2)  QRe  Quantity  investment  requirement  for  ECO  e  before  price  reduction. 

(3)  FRe  Fraction  used  to  get  the  reduced  cost  from  the  initial  cost  for  ECO  e.  For 
example,  if  the  initial  cost  of  a  1  percent  implementation  of  e  is  $  10,000  and  FRe  is  .9,  the 
reduced  cost  of  a  I  percent  implementation  would  $9,000. 

(4)  TXe  Technical  "big"  number  used  to  prevent  premature  investment  in  ECO  e  at  the 
reduced  price.  Number  must  be  big  enough  to  avoid  restricting  lowc  price  buys  in  year  t  when 
binary  variable  for  year  t  is  one  in  the  "Restrict  if  Zero"  constraints  below. 

D-4.  DECISION  AND  BINARY  VARIABLES 
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a.  Xse,  Percent  of  the  total  quantity  at  site  s  of  ECO  e  invested  in  during  year  / .  (Total 
quantity  includes  the  amount  invested  in  the  new  technology  ECO  by  the  start  of  the  planning 
period.) 


b.  Ysel  For  ECO  with  economies  of  scale  data,  the  percent  of  the  total  quantity  at  site  s  of 
ECO  e  invested  in  during  year  t  at  the  higher  price. 

c.  Z„,  For  ECO  with  economies  of  scale  data,  the  percent  of  the  total  quantity  at  site  s  of 
ECO  e  invested  in  during  year  t  at  the  reduced  price. 

d.  Blt,  For  ECO  with  economies  of  scale  data,  the  binary  variable  that  prevents  premature 
investment  at  the  lower  price  in  ECO  e  in  year  t . 

D-5.  CUMULATION  EXPRESSIONS 


a.  Cumulative  Additional  Percent  Investments.  Most  of  the  expressions  below  involve 
CUst, ,  the  cumulative  additional  percent  investment  at  site  s  in  ECO  e  through  year  t. 


CUm  = 


Forj=  l,...,S,e  =  1 . E\ 

t  =  \ 


^set  t  —  2, 


T. 


For  economies  of  scale  ECO,  Ysel  +  Zsel  is  used  instead  of  Xset  in  the  definition  of  CUset 

b.  Cumulative  Additional  Percent  Investments  at  the  Higher  Price.  The  constraints  in 
paragraphs  D-7c  and  D-7d(l)  below  involve  CVSfl ,  the  cumulative  additional  percent 
investment  at  site  s  in  ECO  e  through  year  t  at  the  unreduced  price.  These  expressions  pertain  to 
economies  of  scale  ECO. 


For  5=  1  ;  e-  1  ; 

cv  Jr-  ,  =  l 

lev  +  Y  t  =  2  T 

D-6.  OBJECTIVE  FUNCTIONS.  The  objective  function  is: 

Maximize 

„CU,„  +  W±i±ES,CU„,  +. 


1*1  <?*1 
T  E  S 


1  e*\  «*l 
T  E  S 


W,2IlDS„CU,„  +  W,miVS„CU„ 


f*|  ^»=1  J*  1 


l*  I  «*l  J*l 


Often,  in  practice,  the  weights  of  three  of  the  four  components  are  each  zero,  so  that  the 
objective  function  is  equivalent  to  one  of  the  following: 

a.  Maximize  Cost  Savings 
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Maximize 

f  =  |  i*  a  |  .¥=1 

b.  Maximize  Energy  Savings 

Maximize  XII ES„CU„,  . 

c.  Maximize  Demand  Savings 


T  E  S 


/=1  *«!  jr* l 


Maximize  XSS  DS»cu~t  • 


r=l  **l  5*1 


d.  Maximize  Environmental  Savings 

Maximize 

/=!  <r=»l  5=1 

D-7.  CONSTRAINTS 

a.  Annual  Investment  Dollar  Constraints 


i±<c,x„ 


BG, 

BG,  +  RO>fti'CSm.HCUM.n 

k  *  ev[  5*1 


/  =  1 

r  =  2, 


r. 


For  economies  of  scale  ECO,  Yjel  +  F/?,  *  Zse, ,  is  used  instead  of  Xset  in  these  constraints. 

b.  Total  Planning  Period  Investment  Limited  by  Remaining  Potential  at  Start 

CU,eT  <  RPst  For  j  *  l . 5 ;  e  =  1 . E ; 

note  f «  T  (FY05). 

c.  Quantity  of  Investment  at  Higher  Price  Limited  to  Requirement 


y£lQU*CV„T  <  QRe  For  e  -  1 . E ; 

note  t  =  T  (FY05). 
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d.  Binary  Constraints 

(1)  "Keep  at  Zero"  Constraints.  These  expressions  force  the  binary  variable  for 
ECO  e  in  year  t  to  0,  if  the  quantity  requirement  at  the  unreduced  price  has  not  yet  been  met. 

i<2£/„CV„(  -  (QR,  *  Bl„ )  >  0,  for  e  =  1 . E  ; 

J*  1 

t  =  1 . T. 

(2)  "Restrict  if  Zero"  Constraints.  These  expressions  prevent  buying  ECO  e  at  the 
reduced  price  in  year  t,  unless  the  binary  variable  Blgt  is  allowed  to  assume  the  value  1  by  the 
"Keep  at  Zero"  constraints  above. 

(TXe  *  BI„ )  -  X  IC„Zsel  >  0,  for  *  *  ; 

t  =  1 . T. 

e.  Maintain  First  Objective.  (Example  of  optional  sequential  programming  to  improve 
a  secondary  objective  function  while  maintaining  the  primary  objective  function  value  found  in 
the  initial  optimization.) 

lit  >  xes. 

fs*l  e*  l  A' at  I 

f.  Minimum  Fraction  Energy  Saving  Improvement.  (Example  of  optional 
constraint  designed  to  force  achieving  a  predetermined  energy  savings.) 

HES,CU,r  >  AEt^ESjm- RP„). 

f=l  isl  e  =  l  *=l 

note  t  =T  (FY05). 
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APPENDIX  E 

SPREADSHEET  IMPLEMENTATION  OF  THE  REEP 
INVESTMENT  MODEL  (RIM) 

E-l.  INTRODUCTION.  This  appendix  provides  examples  of  the  EXCEL  4,0  spreadsheets 
of  RIM.  It  also  indicates  some  relationships  between  RIM  as  mathematically  described  in 
Appendix  D  and  the  spreadsheet  implementation.  The  core  version  of  RIM  resides  on  55 
spreadsheets.  For  each  of  54  ECO,  there  is  a  spreadsheet  containing  data  and  logic  specific  to 
that  ECO.  The  55th  or  main  spreadsheet  contains  links  to  the  other  54  spreadsheets.  The  first 
four  tables  of  this  appendix  display  the  values  view  and  the  formulas  view  of  one  of  the  ECO 
spreadsheets  and  of  the  main  spreadsheet  of  the  core  version  of  RIM.  The  last  four  tables 
display  the  ECO  and  the  main  spreadsheet  of  the  economies  of  scale  prototype.  Again  both 
the  value  views  and  formula  views  of  each  spreadsheet  are  presented.  For  easier  reading,  the 
input  data  and  the  decision  cells  have  been  set  to  zero  in  the  formula  views.  In  the  values 
views,  the  spreadsheets  reflect  the  input  and  output  of  cost  savings  maximizations. 
Spreadsheets  described  in  the  following  paragraphs  are  illustrated  in  Tables  E-l  through  E-8 
which  appear  at  the  end  of  this  appendix. 

E-2.  CORE  SPREADSHEETS 

a.  Core  ECO  Spreadsheet  (r22F01,  Tables  E-I  and  E-2).  The  54  ECO  spreadsheets  in 
the  current  core  version  of  RIM  are  labeled  r22F01,  r22F02,...,r22F54.  Tables  E-l  and  E-2 
display  the  values  view  and  the  formulas  view,  respectively,  of  r22F01. 

(1)  Data.  The  data  pertaining  to  a  particular  ECO  ( i.e.,  those  indexed  by  e  in  Appendix 
D )  such  as, 

IC„  Initial  cost  for  a  1  percent  replacement  cf  old  technology 
at  site  s  by  ECO  e, 

are  shown  on  the  ECO  spreadsheets.  For  example,  spreadsheet  cell  B 1 1  of  r22F01  shows 
$77,239  as  the  initial  cost  of  a  1  percent  replacement  of  old  technology  by  ECO  1  at  site  1. 

(2)  Decision  Variables.  Each  decision  variable  pertains  to  a  particular  ECO  (i.e.,  is 
indexed  by  e  in  Appendix  D)  and  appears  on  an  ECO  spreadsheet. 

(3)  Formulas 

(a)  Expressions  containing  variables  pertaining  to,  but  not  summed  over  the  ECO 

(i.e.,  those  in  Appendix  D  that  contain  the  phrase,  e  =  1 . £),  are  implemented  in  formulas 

op  tne  ECO  spreadsheets.  One  such  expression  is: 

CUsel  =  CUstU.l)  +  XM, 

for  s  =  1 . S  ;  e  -  1 . E ; 

t  =  2 . r. 

It  is  implemented  for  e  -  1,  on  the  spreadsheet  r22F01  in  the  50  cells  C 191,  C192,...,C240, 
for  s  *  1,...,S=50,  and  t  =  2. 

(b)  Expressions  summed  over  the  ECO  (i.e.,  those  in  Appendix  D  that  contains  a 

E 

summation  ,  £  ,  over  e  ),  such  as 

Maximize  £££cS,„CT/,„ 

f  *1  P  =  1  1 

are  implemented  in  formulas  on  the  main  spreadsheet,  but  obtain  partial  values  from  ECO 
spreadsheets.  For  example,  the  above  maximization  expression  obtains  the  value  of 
s 

£ CS„,Ct/„,  for  e=l,  t=l,  from  cell  B482  of  r22F0l . 

j«i 
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b.  Core  Main  Spreadsheet  (r22LK,  Tables  E*3  and  E-4).  The  main  spreadsheet 
contains  data  and  logic  that  pertain  to  the  ECO  as  a  group. 

(1)  Data.  The  main  spreadsheet  contains  the  data  that  does  not  pertain  to  individual 
ECO  (i.e.,  those  in  Appendix  D  not  index  by  e).  For  example: 

(a)  BG,  Budget  for  year  t. 

(b)  RO  fraction  of  the  previous  year's  cost  savings  that  can  be  rolled  over  to 
supplement  current  year's  budget. 

(c)  W.  Weight  of  objective  function  component. 

(2)  Formulas.  Expressions  that  represent  summations  across  ECO,  or  that  are 

independent  of  ECO  (i.e.,  those  in  Appendix  D  that  do  not  contain  the  phrase  e  =  1,2 . E) 

are  implemented  on  the  main  spreadsheet.  For  example  cell,  B56  contains  the  spreadsheet 
expression  of  the  formula 

BG, -'t'tlC'.X,,, .  for  I  =  1  (FY  94). 

4*1  J*l 

The  optimization  process  requires  this  expression  to  be  non-negative,  thus  implements  the 
constraint: 

4*1  J«1 

The  spreadsheet  expression  of  cell  B56  uses  cell  B27  which  contains  the  value  of 

E  S 

££rc„X„,,for(=  1  (FY  94). 

Cell  B27  uses  cells  B64,  B65,...,B  1 17.  Each  of  the  cells  B64,  B65,...,B  1 17  is  linked  to  an 
ECO  spreadsheet  and  contains  the  value  of 

X  /C~X«<  *  for  r  =  1  (FY  94)  for  a  fixed  ECO. 

j*i 

E-3.  ECONOMIES  OF  SCALE  SPREADSHEETS 

a.  Economies  of  Scale  ECO  Spreadsheet  (r91G01,  Tables  E-5  and  E-6) 

(!)  Data.  All  the  economies  of  scale  data  in  Appendix  D  are  index  by  e  and  thus  appear 
on  the  ECO  spreadsheets.  That  data  is: 

(a)  QUtt  Quantity  of  ECO  e  available  for  investment  at  site  s. 

(h)  QRe  Quantity  investment  requirement  for  ECO  e  before  price  reduction. 

(c)  FRe  Fraction  used  to  get  reduced  price  from  initial  price  for  ECO  e. 

(d)  TXe  Technical  “big”  number  used  to  prevent  premature  investment  in  ECO  e  at 
the  reduced  price. 

(2)  Decision  and  Binary  Variables.  All  these  variables  in  Appendix  D  are  indexed  by 
e  and  appear  on  the  ECO  spreadsheets. 

(3)  Formulas.  All  the  economies  of  scale  expressions  in  Appendix  D  contain  the  phrase 
e  a  1,2, ...,£,  and  are  thus  implemented  in  formulas  on  the  ECO  spreadsheets.  For  example  the 
“Keep  at  Zero”  binary  constraints: 

£<2^,,  -  (Q£,  *£/„),  for  e=l . E; 

J*1 

1 . T. 
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are  implemented  in  cells  B245,  C245 . M245  on  the  ECO  spreadsheets. 

b.  Economies  of  Scale  Main  Spreadsheet  (r91GLK,  Tables  E-7  and  E-8).  This 
prototype  spreadsheet,  rdlGLK,  is  similar  to  core  main  spreadsheet,  r22LK,  from  spreadsheet 
rows  1  through  64.  From  rows  65  on  in  the  core  spreadsheet,  there  are  more  linking  cells  to 
the  ECO  spreadsheets.  The  prototype  contains  links  to  one  spreadsheet,  whereas  the  core 
spreadsheet  has  links  to  54  spreadsheets. 

E-4.  OVERVIEW  OF  RIM  SPREADSHEET  IMPLEMENTATION 

a.  This  paragraph  describes  some  of  the  components  and  operating  characteristics  of 
RIM.  It  is  intended  to  provide  an  overview  of  portions  of  the  model's  structure.  It  is  not 
intended  to  serve  as  instructional  documentation  covering  all  aspects  of  model  construction 
and  operation. 

b.  Figure  E-l  is  a  conceptual  depiction  of  RIM's  basic  structure.  RIM  incorporates  these 
three  basic  sequential  processing  steps:  preprocessing  and  applying  data,  optimizing  the 
selected  objective  function,  and  post-processing  results.  RIM  processing  is  accomplished  on 
the  Macintosh  and  RISC  computer  systems  using  a  combination  of  standard  and  CAA 
developed  software  programs.  The  three  basic  RIM  processing  steps  are  briefly  described  and 
illustrated  below. 


Figure  E-l.  RIM  Architecture 


(1)  Step  1,  Figure  E-2.  This  step  entailed  developing  Microsoft  EXCEL  spreadsheets 
on  the  Macintosh  computer.  "ECO  Spreadsheets"  were  used  for  ECO  specific  data  and  logic. 
The  spreadsheet  referred  to  as  the  "Linking  Spreadsheet"  was  used  for  data  and  logic 
pertaining  to  the  ECO  as  a  group  such  as  the  objective  functions  and  budgetary  constraint:,. 


(2)  Step  2,  Figure  E-3.  Second  step  RISC  processing  used  an  in-house  spreadsheet 
optimization  tool  called  “Relay"  for  converting  ECO  and  Linking  spreadsheet  data  and 
formulas  into  two  Optimization  Subroutine  Library  (OSL)  compatible  input  files  (the  Index 
File  and  Right-hand  Side  File). 


E-3 


CAA-SR-93-7 


bata  inputs 

•  Initial  cost  of  1%  investment 

-  Annual  energy  savings  @  1%  investment 

-  Annual  demand  savings  @  1%  investment 

-  Annual  cost  savings  of  a  1%  investment 

-  Annual  environmental  savings  <£  ;vl  ivu^aent 

•  %  ECO  available  at  start 


« Cells  for  decision  variables 


Logic  (equations) 

-  %  cumulative  investment  above  start 

-  Annual  implementation  costs 

•  Annual  energy  savings 

•  Annual  demand  savings 

•  Annual  cost  savings 

•  Annual  environmental  savings 

•  Objective  functions 

•  Investment  budget  constraints 

>  Investment  from  cost  savings  rollover 


Figure  E-2.  RIM  Processing  Step  1 — Develop  ECO  and  Linking  Spreadsheets 


Excel 

ECO  Spreadsheet  Relay  Conversion  Program 


Figure  E-3.  RIM  Processing  Step  2 — Generate  Input  Files  for  the  Optimizer 
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(3)  Step  3,  Figure  E-4.  The  OSL  Program  processes  the  Relay-developed  input  files 
and  maximizes  the  selected  objective  function.  A  "C"  program  and  EXCEL  macro  portion  of 
Relay  are  used  for  extracting  and  transferring  OSL  decision  variable  values  to  the  appropriate 
areas  of  the  ECO  spreadsheets. 


OSL 

Input  Files 


Optimization  S  ubroutine  Library 


Ftgrce  E-4.  RIM  Processing  Step  3 — OSL  Processing  and  Extracting  Results 


E-5.  GENERAL  DESCRIPTIONS  OF  ECO  SPREADSHEET  DATA  AND 
PROCESSING  LOGIC 

a.  General 

(1)  RIM  was  structured  to  determine  the  optimum  ECO  and  site-specific  investment 
strategy  for  maximizing  any  one  of  four  possible  alternative  objective  functions.  While 
optimizing  the  selected  objective  function,  the  model  also  specifies  the  resultant  values  for 
each  of  the  three  alternative  objective  functions  not  selected  for  optimization. 

(2)  The  values  of  nonselected  objective  functions  are  likely  sub-optimized  as  a  result  of 
the  model's  focus  on  the  primary  objective  function.  These  nonselected  objective  functions 
may  be  optimized  during  successive  model  iterations  within  a  hierarchy  of  constraints 
imposed  by  preceding  optimizer  results. 

(3)  RIM  output  specifies  the  total  as  well  as  the  ECO/site-specific  economic  and 
environmental  impacts  of  investing  in  ECO.  RIM  results  represent  the  optimum  Army 
investment  strategy  for  investing  in  a  range  of  pre-selected  ECOs  among  several 
predetermined  sites  in  the  manner  which  maximizes  the  objective  function. 


E-5 


CAA-SR-93-7 


b.  Spreadsheet  Proper.  A  separate  ECO  spreadsheet  program  containing  site  specific 
ECO  performance  and  cost  data,  operating  logic  (equations),  and  cells  for  decision  variable 
values  was  prepared  for  each  ECO  evaluated  in  the  Model  (47  spreadsheets  for  the  base  case 
run).  A  sample  ECO  spreadsheet  is  illustrated  at  Table  E-l.  Descriptions  of  the  specific  ECO 
spreadsheet  elements  provided  below  are  keyed  to  the  indicated  portions  of  the  sample 
illustration. 

-  Item  #  1,  This  column  identifies  Army  sites  for  which  data  is  displayed. 

-  Item  #  2,  “Init  Cost  1  Percent  Invest."  Initial  (one-time)  cost  of  implementing  a  1 
percent  increment  of  the  designated  ECO  at  the  indicated  site.  This  cost  is  expressed  in 
FY  93  K  dollars  and  is  derived  from  data  reported  by  CERL.  The  use  of  1  percent 
rather  than  100  percent  is  a  data  scaling  consideration.  Current  scaling  permits  a  34.5 
percent  decision  value,  for  example,  to  be  returned  from  the  optimizer  as  34.5  percent. 

-  Item  #  3,  “Annual  Energy  Sav  1  Percent  Invest."  The  annual  energy  savings  resulting 
from  a  1  percent  implementation  of  the  specified  ECO  at  the  indicated  site.  Energy 
savings  are  expressed  as  thousands  of  Mbtu  and  may  be  positive  or  negative  according 
to  the  ECOs’  net  overall  impact  upon  facility  systems. 

-  Item  #  4,  “Annual  Demand  Sav  1  Percent  Invest.”  The  annual  kilowatt  savings  for 
electrical  demand  charges  resulting  from  a  1  percent  implementation  of  the  specified 
ECO  at  the  indicated  site.  The  cost  of  electricity  is,  in  large  part,  determined  by  the 
time  of  day  during  which  the  electricity  is  consumed.  Electricity  consumed  during  the 
utilities'  peak  demand  hours  usually  costs  significantly  more  than  an  equal  amount  of 
electricity  consumed  during  off  peak  hours.  Because  the  rate  structures  used  for 
determining  demand  charges  are  so  complex  and  vary  widely  among  servicing  utilities, 
these  annualized  demand  rates  were  developed  for  use  in  analysis.  This  data  element 
was  reported  by  CERL. 

-  Item  #  5,  “Annual  Envir  Sav  1  Percent  Invest."  The  annual  amount  of  reduction  in 
atmospheric  pollution  resulting  from  a  1  percent  implementation  of  the  designated 
ECO  at  the  indicated  site.  The  amount  of  atmospheric  pollutants  abated  is  expressed  as 
short  tons  (STONS).  Specific  pollutants  included  in  this  data  element  are  sulfur 
dioxide  (S02),  nitrogen  dioxide  (N02),  carbon  monoxide  (CO),  carbon  dioxide  (C02), 
particulates,  and  hydrocarbons.  This  data  element  was  reported  by  CERL  and 
converted  to  a  percentage  value  for  model  processing. 

-  Item  #  6,  “Percent  Left  from  Start."  Percent  of  opportunities  remaining  to  be 
implemented  for  the  designated  ECO  measure  at  the  indicated  site.  This  data  element 
excludes  that  portion  of  the  indicated  ECO  measure  estimated  to  have  already  been 
completed  (implemented)  at  the  indicated  site  at  the  start  of  the  planning  period.  This 
data  element  was  derived  by  applying  the  results  of  CAA  market  penetration  surveys 
to  ECOs  provided  by  CERL. 

-  Item  #  7,  “Investment  Percent  Limit  Logic."  This  item  contains  constraints  that  limit 
the  ECO  investment  to  the  potential  at  the  start  of  the  planning  period. 

-  Item  #  8,  “Annual  Cost  Savings  (1  Percent  Investment).”  The  annual  operating  cost 
savings  resulting  from  a  1  percent  implementation  of  the  designated  ECO  at  the 
indicated  site  for  the  indicated  year.  Annual  cost  avoidance/savings  are  expressed  in 
FY  93  K  dollars.  Annual  cost  avoidance  projections  represent  the  total  net  cost  impact 
which  is  estimated  to  occur  from  a  1  percent  investment  in  the  ECO.  As  appropriate, 
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this  cost  data  was  adjusted  during  pre-processing  analysis  to  reflect  alternative  pricing 
and  inflation  assumptions  (c.g.,  fuel  price  increase  of  3  percent  above  the  inflation 
rate). 

-  Item  #  9,  “Decision  Cells-Percent  Investment.”  Contains  the  ECO  investment 
decisions  generated  by  the  optimizer  (OSL)  in  Step  3.  Optimizer  investment  decisions 
are  shown  as  an  incremental  percent  (not  cumulative)  by  year  at  a  given  site. 

-  Item  #  10,  “Cumulative  Percent  investment  above  the  starting  level.”  Contains  the  logic 
for  calculating  and  displaying  the  cumulative  results  of  implementing  annual 
investment  decisions  generated  by  the  optimizer  in  Step  3  and  reflected  in  Item  #  9. 
Values  are  expressed  as  a  percent  of  the  total  number  of  ECO  opportunities  at  a  given 
site. 

-  Item  #11,  “Annual  implementation  costs.”  Cells  contain  the  program  logic  for 
calculating  and  displaying  the  annual  cost  in  K  dollars  of  implementing  optimizer¬ 
generated  ECO  decisions  (Item  #  9)  at  designated  sites. 

-  Item  #  12,  “Annual  Energy  Savings."  Cells  contain  the  program  logic  for  calculating 
and  displaying  the  annual  energy  savings  resulting  from  implementing  optimizer- 
generated  ECO  decisions.  Energy  savings  are  displayed  in  thousands  of  Mbtu. 

-  Item  #  13,  “Annual  Demand  Savings.”  Cells  contain  the  program  logic  for  calculating 
and  displaying  the  annual  electrical  demand  savings  resulting  from  optimizer¬ 
generated  ECO  investment  decisions  (Item  #  9)  at  designated  sites.  Electrical  demand 
savings  are  based  on  reductions  and/or  shifts  in  electrical  demand  pattern  and  may  not 
be  directly  related  to  amount  of  energy  consumption.  Demand  savings  are  expressed  in 
kilowatts  (kW)  of  electricity. 

-  Item  #  14,  “Annual  Cost  Savings.”  Cells  contain  the  program  logic  for  calculating  and 
displaying  the  total  annual  cost  savings  in  K  dollars  of  implementing  optimizer¬ 
generated  ECO  investment  decisions  (Item  #  9)  at  designated  sites. 

-  Item  #15,  “Annual  Environmental  Savings."  Cells  contain  the  program  logic  for 
calculating  and  displaying  the  annual  short  tonnage  of  atmospheric  pollution  reduction 
resulting  from  implementing  optimizer-generated  ECO  decisions  (Item  #  9)  at 
designated  sites. 

c.  Post  Processing.  Initial  data  postprocessing  is  done  using  a  "C"  language  program  and 
Excel  macro  to  extract  and  transfer  RIM  results  to  areas  of  the  ECO  Spreadsheets.  This 
creates  the  output  version  of  ECO  spreadsheets  which  includes  results.  These  postprocessing 
data  elements  are  described  below  as  PI  through  P7. 

-  Item  #  PI,  “Data:  Quantity  Fixtures/Opportunities.”  This  data  expresses  the  total 
number  of  ECO  at  the  specified  site  to  include  any  portion  of  ECO  which  may  have 
been  previously  implemented  (as  identified  by  market  penetration  surveys).  This  data 
was  provided  by  CERL. 

-  Item  #  P2,  “Logic:  Percent  FY  93  Penetration.”  This  logic  element  expresses  the 
percent  of  the  total  ECOs  which  have  been  previously  implemented  at  the  specified 
site  and,  as  such,  are  not  available  for  implementation  in  the  model  simulation.  CAA 
developed  this  data  from  market  penetration  surveys. 
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-  Item  #  P3,  “Logic:  Quantity  FY  93  Penetration."  This  logic  element  expresses  the 
quantity  of  the  ECOs  which  have  been  previously  implemented  at  the  specified  site 
and,  as  such,  are  not  available  for  investment  by  the  model  during  simulation.  This 
value  is  the  product  of  the  total  number  of  ECOs  (PI)  and  the  percent  of  existing 
market  penetration  for  that  ECO  (P2). 

-  Item  #  P4,  “Cumulative  Quantity  Penetration  Above  the  FY  93  Penetration."  This  logic 
element  expresses  the  annual  cumulative  quantity  of  additional  ECO  investment  made 
by  the  model  during  simulation.  This  value,  which  reflects  model  investment 
decisions,  cannot  exceed  the  total  number  of  remaining  ECO,  (PI  value  minus  P3 
value). 

-  Item  #  P5,  “Quantity  FY  93  Penetration  by  ECO."  This  logic  element  expresses  the 
total  quantity  of  ECOs  which  have  been  previously  implemented  at  all  sites  addressed 
in  the  study.  This  value  is  the  sum  of  all  values  appearing  in  Item  #  P3. 

-  Item  #  P6,  “Cumulative  Quantity  Penetration  by  ECO  Above  the  FY  93  Penetration." 
This  logic  element  expresses  the  total  number  of  additional  ECOs  implemented 
annually  during  model  simulation.  These  values  are  the  annual  summation  for  all 
values  appearing  in  Item  #  P4  . 

-  Item  #  P7,  "Cumulative  Quantity  Penetration  by  ECO.”  This  logic  element  expresses 
the  cumulative  total  number  of  ECOs  (in  "eaches")  implemented  annually  to  include 
the  amounts  for  preexisting  market  penetration  and  annual  model  simulated 
implementation.  These  values  are  obtained  by  adding  the  amount  of  preexisting  market 
penetration  (Item  #  P5)  to  each  annual  value  expressed  in  Item  #  P6. 

E-6.  GENERAL  DESCRIPTIONS  OF  MAIN  (LINKING)  SPREADSHEET  DATA 
AND  LOGIC 

a.  General.  The  main  or  linking  spreadsheet  contains  the  logic  (expressed  by  equations) 
for  applying  the  model  objective  function  and  for  imposing  budgetary  constraints  during 
processing.  This  spreadsheet  provides  the  operator/decisionmaker  with  a  centralized  method 
for  selecting  and  uniformly  applying  objective  functions  during  model  processing.  It  also 
allows  appropriate  operating  constraints  to  be  set  without  having  to  alter  the  structure,  data, 
and  formulas  of  the  individual  ECO  spreadsheets. 

b.  Spreadsheet  Proper.  This  paragraph  discusses  the  main  spreadsheet  except  for  the 
post  processing  portion.  The  descriptions  below  are  numerically  keyed  to  the  indicated 
portions  of  the  spreadsheet  sample  illustration  appearing  at  Table  E-3.  Some  items  involving 
energy,  demand,  or  environment  savings  are  omitted,  when  they  are  similar  to  described  cost 
savings  items. 


-  Item  #  1,  “Fraction  for  Cost  Savings  Rolled  Over."  This  is  the  fraction  of  the  dollar  cost 
savings  (Item  #  6 )  which  will  be  retained  and  applied  to  fund  implementation  of  ECO 
program  measures  the  following  year. 

-  Item  #  2,  “Annual  Investment  Funding  Limitations  (Budget)  in  K  Dollars."  This  gives 
the  annual  dollar  amounts  that  are  programiri  :d  and  budgeted  for  ECO 
implementation. 

-  Item  #  3,  "Weights  for  Objectives."  These  four  data  elements  give  the  weights  of  the 
four  components  of  the  objective  function. 
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-  Item  #  4,  “Multiple  Objective  Function.”  This  single  cell  item  shows  the  value  of  the 
objective  function.  (The  actual  formula  contained  in  the  cell  is  shown  in  Table  E-4.) 

-  Item  #  5,  “Total  Annual  Investment  Costs."  This  logic  field  expresses  the  total  annual 
dollar  investment  amounts  in  K  dollars.  The  model  determines  these  amounts  by 
summing  the  annual  ECO  investments  of  Item  #  10  below. 

-  Item  #  6,  “Total  Annual  Cost  Savings."  This  logic  field  expresses  the  total  annual  cost 
savings  in  K  dollars  which  are  generated  by  model  implementation  of  ECO  measures. 
The  model  determines  these  amounts  by  summing  the  annual  cost  savings  by  ECO  of 
Item  #  1 1  below. 

-  Item  #  7,  “Grand  Total  Cost  Savings  (in  K  dollars).”  This  single  cell  item  contains  the 
formula  for  the  sum  of  the  annual  cost  savings. 

-  Item  #  8,  “Annual  Budget  +  Cost  Savings  Rolled  Over  from  Previous  Year."  This  logic 
field  calculates  total  annual  budgets  available  for  funding  ECO  measures  by  adding 
any  assumed  rollover  of  cost  savings  generated  through  implementation  of  ECO 
measures  to  the  programmed/budgeted  amount  of  Item  #  2  above.  The  model 
calculates  annual  rollover  amounts  by  multiplying  annual  cost  savings  by  the  assumed 
rollover  factor  of  Item  #  1.  It  is  important  to  note  that  the  model  only  begins  to 
generate  cost  savings  for  ECO  measures  in  the  year  following  implementation. 

-  Item  #  9,  “Enforcement  of  Cost  Limit  (Annual  Budget  +  Previous  Year's  Cost 
Savings).”  This  logic  field  imposes  total  annual  budget  constraints  during  model 
simulation  to  available  amounts  as  shown  in  Item  #  8  and  displays  any  unused  annual 
budget  amounts. 

-  Item  #  10,  “Total  Annual  Investment  Costs  by  ECO.”  This  field  displays  the  total 
annual  investment  cost  for  each  ECO.  The  main  spreadsheet  extracts  the  data  in  this 
field  from  respective  ECO  spreadsheets  (Table  E-l,  Item  #11). 

-  Item  #11.  “Total  Annual  Cost  Savings  by  ECO.”  This  data  field  displays  the  total 
annual  cost  savings  generated  for  each  ECO.  The  main  spreadsheet  extracts  the  data  in 
this  field  from  respective  ECO  spreadsheets  (Table  E-l,  Item  #  8). 

e.  Post  Processing  Part.  The  main  spreadsheet  elements  described  below  in  Items  #  PI 
through  P3  concern  the  post  processing  of  model  results.  These  descriptions  are  also 
numerically  keyed  to  the  indicated  portions  of  the  spreadsheet  sample  illustration  appearing 
at  Table  E-3. 

-  Items  #  PI.  “Cumulative  Quantity  Penetration  by  ECO.”  This  logic  field  expresses  the 
total  annual  cumulative  ECO  quantity  implemented,  including  the  opportunities 
invested  in  before  the  model  planning  period. 

-  Item  #  P2.  “Cumulative  Quantity  Penetration  by  ECO  Above  the  FY  93  Penetration.” 
This  logic  field  expresses  the  total  annual  cumulative  ECO  quantity  implemented,  not 
including  the  opportunities  invested  in  before  the  model  planning  period. 


E-9 


CAA-SR-93-7 


-  Item  #  P3,  “Percent  of  Final  Penetration."  The  logic  Field  gives  the  annual  cumulative 
quantity  penetration  (above  the  penetration  before  the  planning  period)  divided  by 
cumulative  quantity  penetration  (above  the  penetration  before  the  planning  period)  in 
FY  05  (the  last  year  of  the  planning  period).  This  item  gives  an  indication  of  the  rate  as 
which  the  ECO  are  implemented. 

E-7.  CONCEPTUAL  REMARKS  ON  THE  ECONOMY  OF  SCALE  (EofS) 
SPREADSHEETS.  Table  E-5  and  Table  E-6  contain  the  value  and  the  formula  views 
respectively  of  the  prototype  EofS  ECO  spreadsheet.  This  spreadsheet  illustrates  the 
modifications  necessary  to  implement  an  economy  of  scale  methodology  where  investment 
costs  per  item  decrease  after  an  initial  investment.  For  example,  instead  of  one  set  of 
investment  decision  cells,  the  EofS  ECO  spreadsheet  contains  two  sets.  Investment  decision 
cells  contain  annual  percent  investments,  that  is  annual  investments  as  a  percentage  of  the 
total  investment  opportunities  available  before  the  initial  implementation  of  the  ECO.  In  an 
EofS  ECO  spreadsheet,  one  set  contains  the  annual  percent  investments  at  the  initial  higher 
per  item  cost.  The  other  set  contains  the  annual  percent  investments  at  the  lower  per  item 
cost.  The  EofS  ECO  spreadsheet  also  contains  annual  binary  variables  that  prevent 
investment  at  the  lower  cost  before  fulfilling  the  quantity  investment  requirement  at  the 
higher  cost.  The  technical  details  of  the  mathematical  formulation  implementing  this  appear 
in  Appendix  D.  The  EofS  main  spreadsheet  is  similar  to  Core  main  spreadsheet  in  that  it 
obtains  information  from  ECO  spreadsheets.  The  value  and  formula  views  are  given  in 
Tables  E-7  and  E-8  of  the  prototype  EofS  main  spreadsheet.  It  obtains  information  from  just 
one  EofS  ECO  spreadsheet. 
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APPENDIX  F 

FINANCIAL  ALTERNATIVES 


F-I.  INTRODUCTION.  Department  of  the  Army  energy  conservation  projects  can  be 
financed  through  a  variety  of  defense  and  nondefense  programs.  This  appendix  identifies  and 
describes  the  most  popular  of  these  energy  financing  mechanisms. 

F-2.  APPROACH.  Data  were  collected  using  primary  and  secondary  sources.  Energy  experts, 
policymakers,  and  funding  representatives  were  interviewed  from  the  Department  of  the  Army 
Energy  Office,  US  Army  Engineering  Division  at  Huntsville,  US  Army  Corps  of  Engineers 
Housing  Support  Center,  the  Department  of  Energy,  the  General  Services  Administration 
(GSA)  and  industry.  Points  of  contact  from  various  Army  installations  were  also  contacted 
about  their  experiences  with  using  some  of  the  funding  methods  presented  in  this  report.  In 
addition  to  interviews,  secondary  sources  such  as  energy  legislation,  defense  regulations,  policy 
letters,  conference  reports,  books,  and  lessons  learned  notes  were  used  to  gather  information.  A 
complete  list  of  these  sources  appear  in  the  bibliography. 

F-3.  DEFENSE  PROGRAMS 

a.  Defense  programs  fall  into  the  categories  of  general  defense  or  Office  of  the  Secretary  of 
Defense  (OSD)  and  Army-specific.  All  programs,  regardless  of  category,  were  considered 
"viable"  funding  sources  even  though  some  were  not  funded  during  the  current  fiscal  year.  The 
programs  addressed  are  the  Energy  Conservation  Investment  Program  (ECIP),  Energy 
Conservation  and  Management  (ECAM)  Program,  Productivity  Capital  Investment  Program 
(PCIP)  which  includes  Quick  Return  on  Investment  Program  (QRIP),  Productivity  Enhancing 
Capital  Investment  Program  (PECIP),  the  Strategic  Environmental  Research  and  Development 
Program  (SERDP),  Product  Improvement  Program  (PIP)  and  Labor-Saving  Capital  Investment 
Program  (LSCTP).  A  brief  description  of  each  program  is  given  below. 

(1)  Energy  Conservation  Investment  Program  (ECIP).  The  Energy  Conservation 
Investment  Program  is  a  Department  of  Defense  military  construction  (MILCON)  funded 
program.  ECIP  fends  energy-saving,  cost-reducing  projects  for  existing  DOD  facilities. 
Installing  cost  effective  retrofits  for  existing  facilities  or  building  new  energy  efficiency  systems 
are  two  examples  of  projects  which  would  qualify  for  ECIP  funding.  Specifically,  projects  must 
cost  $300,000  or  more,  exhibit  a  savings-to-investment  ratio  of  greater  than  l  .25,  and  amortize 
or  have  a  payback  of  10  years  or  less.  Commanders  submit  projects  to  Headquarters, 
Department  of  the  Army.  According  to  Army  Regulation  (AR)  1 1-27,  Army  Energy  Program, 
Army  participation  is  planned,  executed,  and  monitored  by  the  Chief  of  Engineers  and  the 
Deputy  Chief  of  Staff  for  Logistics,  specifically,  the  Energy  Office.  This  may  change,  however, 
with  the  current  restructuring  of  the  Army.  The  Chief,  National  Guard  Bureau,  handles  requests 
from  the  Army  National  Guard.  According  to  the  ECIP  point  of  contact,  ECIP  was  funded  for 
$50  million  per  year  through  FY  97.  From  this  amount,  the  Army  receives  $  12.8  million  per 
year  for  its  projects  throughout  FY  97.  The  program  may  receive  a  one-time  additional  funding 
of  $50  million.  If  the  additional  funding  of  $50  million  is  approved,  then  the  Army  will  receive 
approximately  $20-25  million  per  year. 

(2)  Energy  Conservation  and  Management  (ECAM)  Program.  The  Energy 
Conservation  and  Management  Program  is  an  Army  Materiel  Command  program,  and  more 
specifically  an  Ammunition  and  Chemical  Command  (AMCCOM)  program.  ECAM  funds 
energy-saving  retrofit  projects  at  government-owned,  contractor-operated  (GOCO)  plants. 
ECAM  is  funded  with  Procurement  of  Ammunition,  Army  (PAA)  dollars.  Military 
Construction,  Army  (MCA)  dollars  cannot  be  used  to  fund  ECAM  projects  with  the  exception 
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of  new  construction  (i.e.,  the  building  of  a  new  facility).  According  to  an  ECAM  representative, 
to  qualify  for  ECAM  funding,  projects  must  cost  $15,000  or  more,  have  a  savings-to- 
investment  ratio  greater  than  1,  and  have  a  payback  period  of  2  years  or  less.  Projects  are 
usually  selected  from  studies  conducted  under  the  Energy  Engineering  Analysis  Program, 
Production  Base  Modernization  Program,  or  other  Army  procurement  funded  programs.  The 
ECAM  Program  remained  unfunded  throughout  FY  92.  It  is  uncertain  as  to  when  funding  will 
become  available. 

(3)  Productivity  Capital  Investment  Program  (PCIP).  The  Productivity  Capital 
Investment  Program  is  an  umbrella  program  which  provides  funding  to  defense  agencies  for 
energy  efficiency  projects  and  equipment  improvements.  Programs  falling  under  PCIP  are  the 
OSD  Productivity  Investment  Funding  (OSD  PIF)  Program,  QRIP,  and  PECIP.  As  of  January 
1991,  Program  Budget  Decision  #197  officially  canceled  the  OSD  Productivity  Investment 
Funding  Program  which  funded  high  payoff  projects  at  non-GOCO  facilities.  As  an  outgrowth 
of  this  OSD  decision,  the  Department  of  the  Army  decided  to  canceled  its  programs--Quick 
Return  on  Investment  Program  and  Productivity  Enhancing  Capital  Investment  Program--as  of 
the  end  of  FY  93.  Army  agencies  wishing  to  fund  projects  normally  falling  under  these 
categories  would  now  be  required  to  request  funding  under  other  Army  financing  programs. 
Because  QRIP  and  PECIP  are  viable  through  the  end  of  FY  93,  a  brief  description  of  them  is 
given  below. 

(a)  Quick  Return  on  Investment  Program  (QRIP).  The  Quick  Return  on 
Investment  Program  funds  projects  that  cost  less  than  $10,000  and  amortize  or  have  a  payback 
in  2  years  or  less.  According  to  one  QRIP  point  of  contact,  approximately  99  percent  of  all 
QRIP  dollars  comes  from  three  accounts:  Operation  and  Maintenance,  Army  (OMA);  Other 
Procurement,  Army  (OPA);  and,  Research,  Development,  and  Acquisition  (RDA).  OMA  funds 
are  good  for  1  year,  RDA  are  good  for  2  years,  and  OPA  for  3. 

(b)  Productivity  Enhancing  Capital  Investment  Program  (PECIP).  Projects 
which  do  not  qualify  for  funding  under  OSD  PIF  or  QRIP  do  quaiify  for  funds  under  the 
Productivity  Enhancing  Capital  Investment  Program.  PECIP  projects  must  cost  more  than 
$100,000  and  have  a  payback  of  3  years  or  less. 

(4)  Strategic  Environmental  Research  and  Development  Program  (SERDP).  Title 
10,  United  States  Code,  Section  2901  (10  USC  2901)  establishes  the  Strategic  Environmental 
Research  and  Development  Program.  According  to  10  USC  2901,  SERDP  brings  together  the 
Department  of  Defense,  the  Department  of  Energy,  and  the  Environmental  Protection  Agency  to 
conduct  research  and  develop  energy  technologies  and  other  technologies  which  would  address 
environmental  restoration,  waste  minimization,  hazardous  waste  substitution,  and  other 
environmental  concerns.  SERDP  encourages  continuous  transfer  of  information  and 
technologies  between  the  public  and  private  sectors  to  enhance  global  environmental  change. 
During  FY  91  and  FY  92,  $200  million  funded  the  program.  Based  on  the  signing  of  the  FY  93 
Defense  Appropriations  Bill,  Congress  and  the  current  Administration  showed  their  support  to 
further  fund  SERDP  in  FY  93  by  appropriating  $  1 80  million  to  the  program.  Efforts  are 
underway  to  ensure  SERDP  transitions  into  a  budgeted  program. 

b.  Little  is  known  about  the  next  two  programs-Labor-Saving  Capital  Investment  Program 
(LSCIP)  and  Product  Improvement  Program  (PlP)--however,  according  lo  AR  1 1—27,  these 
r  ^grams  are  viable. 

(1)  Labor-Saving  Capital  Investment  Program  (LSCIP).  According  to  AR  1 1-27, 
projects  qualifying  for  the  Labor-Saving  Capital  Investment  Program  cost  more  than  $100,000. 
Half  of  the  project  should  be  recouped  through  manpower  savings  within  4  years  and  the  total 
be  amortized  within  that  time. 
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(2)  Product  Improvement  Program  (PIP).  According  to  AR  1 1-27,  the  Product 
Improvement  Program  considers  and  manages  suggestions  to  improve  fielded  products 
Armywide.  PIP  dollars  are  obtained  from  the  OMA  account. 

F-4.  NONDEFENSE  PROGRAMS 

a.  Other  Federal  and  private  sector  financing  programs  are  available  to  the  Department  of 
Defense.  Discussed  in  this  paragraph  are  the  Department  of  Energy's  Seed  Money  and  the 
General  Services  Administration’s  Set-Aside  Program  (Budget  Account  54).  Industry,  too,  has 
pursued  energy  savings  initiatives  with  the  Department  of  the  Defense,  especially  since  the  mid- 
to-late  1980s.  Numerous  programs  have  evolved  since  that  time  to  facilitate  DOD’s  effort  in 
reducing  its  energy  consumption  and  energy-related  costs.  Among  the  most  popular  programs 
in  the  defense  community  are  Energy  Savings  Performance  Contracting  and  Demand  Side 
Management.  A  brief  desciiption  of  all  these  programs  appears  below. 

(1)  Seed  Money.  According  to  a  Department  of  Energy  representative,  DOE  provides 
Federal  agencies  funding  for  project  planning  and  initial  energy  conservation  audits  on  a  cost 
shared  basis.  Usually,  the  customer  agency  receives  $10K,  $15K,  or  $20K  from  DOE  and  is 
required  to  match  that  amount.  Although  this  is  not  an  "official"  program,  it  is  available  to 
agencies  interested  in  implementing  energy  cost  saving  measures  in  their  facilities  as  long  as 
funding  is  available. 

(2)  GSA  Set-Aside  Program  (Budget  Account  54).  On  2  August  1991,  GSA  issued  a 
policy  letter  stating  that  it  would  implement  an  energy  conservation  program  which  would  fund 
energy  retrofit  projects  at  delegated  buildings  and  provide  agencies  with  guidance  to  conduct 
long-term  planning,  energy  audits,  and  life  cycle  costing  to  meet  the  energy  reduction  goals 
outlined  in  Public  Law  100-615  and  Executive  Order  12759.  Agencies  wishing  to  compete  for 
funds  under  this  program  would  be  evaluated  on  the  following  criteria: 

•  Project  cost  (must  exceed  $  l OK  but  total  less  than  $  1 .6M  to  include  planned 
nonrecurring  expenditures  or  total  less  than  $750K  if  projects  are  in  leased 
buildings  where  the  government  pays  utilities  separately  from  the  base) 

•  Savings-to-investment  ratio 

»  Simple  payback 

•  Annual  million  British  thermal  units  (Mbtu)  Savings 

•  Inspection  score  (minimum  score  of  85) 

•  Lease  status 

(3)  Energy  Savings  Performance  Contracting.  According  to  the  Energy  Policy  Act 
(1992),  an  energy  savings  performance  contract  (previously  referred  to  as  Shared  Energy 
Savings  (SES))  is  an  arrangement  or  agreement  between  the  government  and  a  contractor  to 
increase  energy  efficiency  and  reduce  energy  related  operating  costs  of  a  building,  group  of 
buildings,  or  facility,  whereby  the  contractor  incurs  the  cost  and  provides  the  assets  to 
implement  energy  savings  measures  such  as  performing  the  audit,  designing  the  project,  ‘ 
acquiring,  installing,  testing,  operating,  maintaining,  and  repairing  the  equipment  (to  include 
software  systems)  and  training  personnel,  in  exchange  for  a  portion  of  the  actual  eneigy 
savings,  if  any,  directly  resulting  from  the  implementation  of  such  measures  dut  ing  the  term  of 
the  contract  which  is  not  to  exceed  25  years.  In  other  words,  the  contractor  provides  a  service  to 
the  government,  finances  the  project  (although  can  arrange  for  a  third  party  (e.g.,  leasing  bank) 
to  finance  the  project),  and  is  reimbursed  based  on  the  actual  energy  savings,  if  any.  This  last 
point  is  crucial  to  the  understanding  of  energy  savings  performance  contracts.  The  contractor  is 
paid  a  negotiated  price  (a  dollar  amount)  or  a  percentage  or  "split"  of  the  savings  incurred  (i.e., 
50/50,  60/40  etc.)  based  on  a  predetermined  sharing  formula  agreed  to  by  both  parties  and 
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stated  in  the  contract.  The  contractor  must  prove  actual  energy  savings  each  month  in  order  to 
be  paid.  If  savings  are  not  achieved,  then  the  contractor  does  not  receive  payment.  Sometimes, 
however,  arrangements  can  be  made  between  the  contractor  and  the  government  to  provide 
payment  on  a  more  flexible  basis.  Under  the  new  Energy  Policy  Act  (1992),  it  is  stated  that  the 
contractor  can  receive  payment  per  month  based  on  an  agreed  amount  regardless  of  any  savings 
incurred.  At  the  end  of  the  year,  an  audit  is  conducted  to  determine  actual  savings.  If  actual 
savings  to  the  government  are  less  than  expected,  then  the  contractor  may  pay  back  the 
difference  to  the  government.  This  last  condition  has  not  yet  been  implemented  with  the 
Department  of  the  Army, 

(a)  The  following  list  reflects  the  types  of  energy  savings  performance  contract 
projects  either  proposed  or  awarded  at  Army  installations  (see  Table  F-l). 

•  Chiller  retrofits 

•  Electrical  peak  shaving  plants 

•  Lighting  retrofits 

•  Group  coupled  air  source  heat  pumps 

•  Propane-air  mixing  plants 

•  Geothermal 

•  Utility  control  systems 

•  Air  conditioning  retrofits 

(b)  During  the  conduct  of  the  study.  Army  representatives  who  were  using  energy 
savings  performance  contracting  to  finance  energy  projects  at  their  installations  were 
interviewed  and  asked  about  their  experiences.  Strengths  and  weaknesses  using  the  energy 
savings  performance  contracting  approach  were  identified.  Easier  and  faster  access  to  capital 
financing  and  increased  incentive  for  project  success  in  terms  of  energy  cost  savings  (among 
the  contractor  and  customer)  were  identified  as  the  most  positive  aspects  of  the  method. 
Obtaining  manpower  support;  minimizing  high  cost  overhead;  considering  environmental 
impacts  (depending  on  type  of  project);  and  encouraging  contractors  to  commit  to  a  long-term 
relationship  with  defense  organizations  under  the  current  down  sizing  effort  and  economic 
situation  were  identified  as  the  most  negative  aspects.  The  US  Army  Corps  of  Engineers, 
Huntsville  Division  (Huntsville,  Alabama)  serves  as  the  Center  of  Expertise  for  the  Department 
of  the  Army  in  assisting  with  energy  savings  performance  contract  opportunities.  Based  on 
Huntsville’s  experience  with  assisting  installations  with  energy  savings,  they  wrote  a  paper  (see 
bibliography)  on  their  lessons  learned.  The  following  list  is  taken  from  that  paper;  it  explains 
the  barriers  found  with  the  approach. 

•  Few  precedents  to  guide  those  who  undertake  SES  contracting  in  the  Army 

•  Lack  of  development  of  government  SES  contracting  expertise 

•  Government  lack  of  knowledge  of  industry  concerns  relative  to  SES  contracting 

•  Loss  of  technical  and  contractual  knowledge  due  to  employee  turnover 

•  Determining  how  the  government  will  be  able  to  operate  the  SES  system  if  the 
contractor  defaults 

•  Predetermining  the  government's  needs  at  contract  end 

•  Lack  of  industry  interest  in  government  SES  contracts  due  to  termination  of 
convenience 

•  Providing  assurances  that  the  contractor  will  provide  services  as  bid 

•  Ensuring  customer  commitment  to  the  SES  contracting  effort 

•  Ensuring  the  understanding  between  the  contractor  and  the  government 
concerning  the  SES  contract  boundary 

•  Determining  the  most  effective  energy  baseline 

•  Impact  of  perceived  and  actual  risk  on  government  SES  contracting  efforts 

•  Government  commitment  to  unnecessarily  lengthy  SES  contracts 
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•  Unrealistic  expectations  concerning  length  of  SES  contract  development 

•  The  life  cycle  analysis  is  based  on  the  bids  and  technical  evaluation  of  the  bids. 

It  is  a  projection  of  the  cash  flows  thought  most  likely  by  the  government. 
However,  it  is  dependent  on  the  technical  personnel  for  interpretation  of  the 
savings  claimed  by  the  contractor.  If  the  technical  personnel  cannot  judge  the 
accuracy  of  the  energy  savings  claimed  by  the  bidder,  then  the  life  cycle  analyst 
must  give  the  bidder  credit  for  savings  claimed. 

•  Reducing  government  risk  due  to  the  difference  in  energy  inflation  and  general 
inflation 

•  Local  utility  action  that  can  substantially  affect  the  SES  project. 

(c)  In  general,  the  energy  savings  performance  contract  method  of  financing  energy 
projects  is  an  excellent  source  of  alternative  funding  for  the  government,  specifically,  the 
Department  of  the  Army.  It  is  quite  viable  when  the  payback  period  is  short,  i.e.,  3  to  4  years, 
when  immediate  results  can  be  acquired.  However,  a  long-term  contract  has  tire  advantage  of 
increasing  the  customer's  and  contractor's  incentive  for  ongoing  project  success,  since  fees  are 
based  on  performance  and  energy  savings. 

(4)  Third  Party  Contracting.  Third  Party  Contracting  (TPC)  is  a  financing 
arrangement  which  permits  the  government  to  enter  into  long-term  contracts  (up  to  30  years) 
with  private  companies  for  the  purchase  of  utility  services  (e.g.,  heating,  cooling,  electric).  The 
contractor  designs,  builds,  owns  and  operates  the  facility/plant  which  provides  a 
service/commodity  on  government  land.  The  government  buys  a  certain  level  of  this 
service/commodity  and  pays  for  it  on  a  per  unit  basis  at  a  fixed  minimum  price.  This  fixed  rate 
is  prenegotiated  and  is  paid  to  the  contractor  regardless  of  whether  or  not  the  service  is  used. 

For  example,  if  the  government  agreed  to  pay  a  fixed  price  of  $  100  per  month  for  electric  and 
used  it  in  months  1, 2,  and  3  but  did  not  in  month  4,  the  government  is  still  required  to  pay  $  100 
per  month  for  months  1, 2, 3  and  4.  Likewise,  if  the  government  uses  more  of  the  service,  then 
the  government  pays  more  for  it.  According  to  the  US  Army  Corps  of  Engineers  at  Huntsville, 
the  Center  of  Expertise  for  supporting  HQDA  for  the  pursuit  of  privatization  or  TPC,  TPC  is 
not  currently  used  by  the  Army  to  finance  energy  services,  principally  because  it  is  not  lucrative 
for  either  the  Army  or  the  contractor. 

(5)  Demand  Side  Management 
(a)  Introduction 

1.  This  paragraph  reports  the  results  of  CAA’s  evaluation  of  the  demand  side 
management  (DSM)  programs  which  were  being  offered  by  the  34  commercial  utility 
companies  servicing  the  49  Army  sites  examined  in  the  KEEP  Study.  The  survey  specifically 
focused  on  identifying  cash  rebate  offers  made  during  the  time  the  REEP  Study  was  conducted 
as  inducements  for  implementing  selected  ECO  measures.  Figure  F-l  identifies  the  34 
servicing  utilities  by  study  site. 

2.  The  Energy  Efficiency  Resource  Directory:  A  Guide  to  Utility  Programs, 
September  1992,  prepared  for  the  President’s  Commission  on  Environmental  Quality,  was  used 
for  initially  identifying  servicing  utility  companies  (referred  to  in  following  paragraphs  as 
“utilities”)  which  had  ongoing  DSM  programs  and  program  points  of  contact.  Utility  DSM 
program  representatives  were  contacted  and  asked  to  provide  literature  describing  the  specifr* 
of  current  DSM  program  offers.  Except  where  otherwise  noted,  these  utility  publications  and 
correspondence  comprised  the  main  sources  for  the  information,  findings,  and  conclusions 
presented  in  the  DSM  portion.  Telephone  conversations  with  utility  DSM  program 
representatives  were  used,  as  needed,  to  supplement  information  contained  in  utility 
publications. 
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Figure  F-l.  Servicing  Utility  Companies  Included  i  n  DSM  Survey 
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J.  The  basic  methodology  used  for  assessing  the  potential  economic  impact  of 
DSM  cash  rebates  upon  Army  ECO  investments  was  to  apply  the  utilities’  current  DSM 
program  criteria  (as  specified  in  DSM  publications)  to  identify  study  ECO  which  qualified  for 
cash  rebate  offers  and  the  amount  of  any  such  rebates.  This  approach  identified  the  approximate 
dollar  rebate  amount  which  could  have  been  collected  by  the  Army  had  the  study  ECO 
measures  been  implemented  at  the  study  sites  at  the  time  the  survey  was  undertaken. 

(b)  Background 

1.  A  provision  of  EPACT,  which  was  enacted  during  the  course  of  the  study,  permits 
and  encourages  governmental  agencies  to  participate  in  utility  DSM  programs  and  prohibits 
utilities  from  denying  these  offers  to  governmental  agencies.  Executive  Order  (EO)  12759,  17 
April  1991,  directs  governmental  agencies  (including  DOD)  to  remove  any  impediments  to 
receiving,  using,  and  taking  DSM  management  services,  incentives,  and  rebates  which  may  be 
offered  by  servicing  utility  companies  and  other  private  sector  energy  service  providers.  In 
consonance  with  Task  2  of  the  REEP  Study  and  pursuant  to  the  provisions  of  EPACT  and  EO 
12759,  CAA  evaluated  the  DSM  programs  which  were  being  offered  by  the  34  utility 
companies  servicing  the  study  sites. 

2-  The  purpose  for  evaluating  utility  DSM  program  offerings  was  to  determine: 

•  Which  utilities  companies  were  operating  DSM  programs  offering  incentives 
for  implementing  energy  conservation  measures  (or  ECO); 

•  Which  ECO  included  in  the  study  would  qualify  for  cash  rebates  under  the 
criteria  specified  for  these  DSM  program  offers;  and 

•  What  was  the  estimated  present  year  (FY  1993)  dollar  amount  of  all  such  cash 
rebate  offers  for  all  study  ECO  at  all  study  sites. 

3-  Although  typically  DSM  programs  offered  customers  a  range  of  incentive 
packages  which  included  cash  rebates,  special  rates,  loans,  and  free  services,  the  DSM  program 
evaluation  was  directed  at  identifying  cash  rebate  offers.  The  complex  terms  and  procedures 
governing  the  application  and  quantification  of  incentive  packages  other  than  cash  rebates 
rendered  them  impracticable  for  a  centralized  assessment  within  the  scope  of  the  study. 
Identification  of  rebates  was  also  limited  to  offers  encompassing  retrofit  actions^ituations. 

While  rebates  and  other  incentives  are  typically  offered  for  new  construction  and  replacement 
actions,  they  were  not  within  the  scope  of  REEP  retrofit  scenario. 

F-5.  GENERAL  CHARACTERISTICS  AND  FINDINGS  FOR  SURVEYED  DSM 
PROGRAMS 

a.  The  primary  objective  of  DSM  strategy  is  to  keep  pace  with  customer  demand  for  energy 
by  implementing  energy  efficiency  and  conservation  measures  and  forestalling  or  avoiding  the 
enormous  capital  investment  outlays  which  would  otherwise  be  required  to  construct  new 
energy  generating  plant  capacity.  A  secondary  effect  of  utility  DSM  programs  is  the  reduced 
impact  on  the  environment  when  compared  to  the  alternatives  of  building  more  power  plants  or 
buying  and  consuming  more  power  from  outside  sources  (i.e.,  alternative  supply  side  solution). 

b.  The  level  of  incentives  (rebates,  special  rates,  loans,  and  free  services)  that  utility 
companies  offer  customers  as  inducements  for  them  to  participate  in  various  DSM  programs  is 
carefully  calculated  based  upon  the  cost  avoidance  savings  of  deferring  large  capital  outlays  for 
additional  plant.  In  essence,  utility  companies  often  find  that  it  is  economically  preferable  to 
secure  cost  avoidance  savings  by  sharing  a  portion  of  these  savings  with  customers.  As  could 


F-8 


CAA-SR-93-7 


be  expected,  the  most  aggressive  DSM  programs  were  found  among  those  utility  companies 
which  had  energy  demand  patterns  that  approached  the  upper  limit  of  the  utility’s  peak  energy 
generating  capacity. 

c.  While  the  common  objective  for  all  DSM  programs  was  to  promote  energy  efficiency 
through  conservation  and  load  management  strategies,  the  various  utility  DSM  programs  aimed 
at  this  objective  could  not  be  uniformly  characterized  and  assessed.  There  was  found  to  be  a 
range  of  factors  bearing  on  the  availability,  content,  and  impact  of  DSM  programs  nationwide. 
Since  the  terms  of  utility  DSM  programs  were  found  to  be  unique  in  every  case,  each  program 
was  reviewed  and  assessed  individually  to  identify  and  gauge  the  impact  of  cash  rebate  offers 
on  study  ECO  at  each  site. 

d.  Some  programs  were  found  to  be  more  dynamic  than  others.  Utilities  evaluated,  revised, 
and  funded  these  on  an  annual  basis  to  reflect  areas  of  changing  emphasis  and  emerging 
technologies.  Also,  the  funding  level  for  some  of  these  programs  appeared  to  have  been  more 
closely  tied  to  the  utility's  annual  profit  margin  and  state  utility  regulators.  Other  programs  were 
found  to  be  more  institutionalized  in  that  they  were  relatively  more  stable  in  scope,  funding  level, 
and  duration. 

e.  Representatives  for  those  utilities  not  operating  a  DSM  program  or  pursuing  one  of 
limited  scope  informally  acknowledged  that  this  was  because  there  was  little  or  no  economic 
incentive  at  that  time  due  to  existing  excess  plant  generating  capacity.  Some  representatives  also 
indicated  that  while  this  was  the  utility’s  current  supply  versus  demand  situation,  that  the  utility 
had  entered  into  mid-  to  long-range  planning  for  future  DSM  programs  to  assist  them  in 
meeting  higher  energy  demands  in  the  future. 

f.  For  surveyed  utilities  with  ongoing  programs  targeted  at  commerciaHndustrial  customers, 
the  predominant  issues  bearing  on  the  scope,  content,  and  impact  of  the  programs  were: 

•  Peak  customer  demand  versus  plant  peak  energy  generating  capacity 

•  Customer  categoryinarket  and  level  of  energy  consumption  (e.g.,  commercial,  industrial, 
agricultural,  residential) 

•  Electrical  demand  pattern  (peak  versus  offpeak  consumption) 

•  End-use  of  energy  (e.g.,  lighting,  heating,  cooling,  or  process) 

•  Fuel  types  used  by  systems  (e.g.,  electricity,  gas,  renewables) 

•  Targeted  technologies  and  equipment  (e.g.,  high  efficiency  HVAC  systems  and 
appliances) 

•  Targeted  situations  (retrofit,  new  construction,  or  replacement) 

•  System  operating  efficiency  minimums,  standards,  and  targets,  and 

•  Upper  limits  on  total  dollar  amount  of  rebate  offers  to  a  single  customer. 

g.  Typically,  DSM  programs  were  developed  and  offered  by  utilities  for  these  five  basic 
customer  categories:  residential,  commercial,  industrial,  agricultural,  and  institutional/municipal. 
These  categories  are  briefly  defined  below.  Since  the  Army  sites  addressed  in  the  study  fell  in 
the  commercial  and  industrial  customer  categories,  evaluation  of  rebate  offers  centered  on  the 
programs  directed  at  these  two  customer  categories. 

Residential:  This  classification  applies  to  customers  purchasing  electric  power  or  natural 
gas  for  household  use.  Households  are  usually  further  categorized  as  single-  or  multi¬ 
family  dwellings. 

Commercial:  This  classification  applies  to  customers  purchasing  electric  power  or  natural 
gas  for  use  in  retail  businesses  such  as  retail  stores,  restaurants,  warehouses,  and  lodging. 

Industrial:  This  classification  applies  to  customers  purchasing  electric  power  or  natural 
gas  for  use  in  manufacturing  businesses,  plants,  and  mining  operations. 
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Agricultural:  This  classification  applies  to  customers  purchasing  electric  power  or  natural 
gas  for  use  in  agricultural  businesses  such  as  growing  crops,  raising  livestock,  and  pumping 
water  for  irrigation. 

Institutional,  municipal,  and  nonprofit:  This  classification  applies  to  customers 
purchasing  electric  power  or  natural  gas  for  nonresidential  businesses  not  identified 
elsewhere  such  as  schools,  colleges,  hospitals,  and  other  institutions. 

h.  The  descriptions  of  typical  DSM  programs/services  offered  by  utilities  to  customers 
presented  in  the  section  were  derived  from  the  Energy  Efficiency  Resource  Directory:  A  Guide 
to  Utility  Programs,  September  1992,  and  utility  publications.  The  basic  types  of  incentive 
programs  identified  in  the  survey  as  typically  offered  by  utilities  to  commercial  and  industrial 
customers  are  described  below. 

(1)  Prescriptive  Rebate  Programs.  These  programs  are  to  encourage  commercial  and 
industrial  customers  to  purchase  and  install  energy  efficient  equipment,  typically  in  the  areas  of 
lighting,  cooling,  heating,  refrigeration,  and  motors.  Rebates  are  offered  in  a  prescriptive  format 
in  which  the  utility  pre-selects  energy  efficiency  measures  that  are  economically  attractive  to 
both  utility  and  customer.  The  customer  decides  which,  if  any,  measures  to  purchase  and  install. 
The  utility  pays  the  rebate  after  proof  of  ECO  installation  is  provided.  The  utility  often  sets 
minimum  efficiency  levels  for  prescriptive  measures  which  exceed  local,  state,  and  Federal 
building  codes  and  standards.  Customers  often  participate  in  these  programs  when  faced  with 
immediate  equipment  replacement  decisions  resulting  from  equipment  failure,  obsolescence,  or 
a  desire  to  cut  costs  through  energy  efficiency  retrofit  measures,  as  was  the  case  scenario  for 
REEP.  The  amount  of  some  rebate  offers  was  fixed,  but  in  most  instances  varied  according  to 
factors  considering  system  power  consumption  and  energy  efficiency  levels.  An  example  of  a 
typical  fixed  prescriptive  rebate  offer  made  by  Southern  California  Edison  was  a  flat  $20  for 
each  room  occupancy  sensor  the  customer  installs.  Examples  of  variable  prescriptive  rebate 
offers  for  installing  efficient  motors  by  Niagara  Mohawk  and  Baltimore  Gas  and  Electric 
(BG&E)  are  presented  in  Tables  F-2  and  F-3,  respectively.  As  shown,  the  amount  of  rebate 
offered  varies  depending  upon  the  size  and  efficiency  of  the  motor.  For  larger  motors  (60  horse 
power  and  above),  BG&E  rebates  also  depend  on  the  intended  end-use  of  motors.  Larger 
rebate  amounts  are  offered  for  replacement  motors  than  for  plant  expansion  motors.  The 
additional  amount  is  offered  for  existing  motors  as  inducement  to  swapout  (retrofit)  older,  less 
efficient  motors.  The  increased  amount  helps  the  customer  defray  labor  cost  and  is  indicative  of 
BG&E’s  strong  commitment  to  DSM  as  a  cost  effective  means  of  meeting  customer  energy 
demands. 

(2)  Customized  Incentive  Programs.  Utilities  offer  customer  rebates  for  purchasing 
and  installing  energy  efficient  equipment  chosen  by  customers  to  meet  their  unique  energy 
needs.  These  programs  are  flexible  and  tailored  to  accommodate  individual  customer-selected 
energy  efficiency  measures  on  a  site-specific  basis  and  are  generally  targeted  to  nonresidential 
customers.  Because  of  the  diversity  among  building  types  and  energy  end-uses  found  among 
nonresidential  customers,  each  participant’s  customized  measuresiebate  package  is  usually 
unique.  Typically,  a  number  of  measures  are  preselected  by  the  customer  in  consultation  with 
the  utility  or  the  utilities’  engineering  services  contractor  and  approved  by  the  utility.  During 
this  process,  the  utility  establishes  a  rebate  offer  amount  for  implementing  the  custom  designed 
energy  package  based  upon  an  evaluation  of  the  economic  impact  upon  current  and  future  utility 
operations.  While  customized  rebate  program  offers  were  available  at  some  sites  to  augment 
savings  from  prescriptive  rebate  program  measures,  it  was  not  possible  to  estimate  the  potential 
for  these  rebates  because  of  the  customised  features  of  the  program.  It  was  observed  that  the 
potential  customized  rebate  amount  for  some  sites  may  be  greater  than  the  total  amount  of 
potential  prescriptive  rebates  offered  for  qualifying  ECO  at  the  same  site. 
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Table  F-2  .  Cash  Rebates  Offered  by  Niagara  Mohawk  for  Installing  High  Efficiency 

Motors 


Motor  horsepower 

Minimum  eligible  nominal 
efficiency  % 

High  efficiency  motors 
rebate  $ 

1 

84 

35 

1.5 

84 

35 

2 

sis 

35 

3 

86 

35 

5 

57“ 

40 

7.S 

6$ 

60 

io 

90 

80 

15 

90 

120 

20 

91 

160 

25 

93 

200 

30 

93 

240 

40 

93.6 

320 

io 

94 

400 

6C> 

94.1 

480 

75 

$4.r ■ 

94.5 

fRjO  “ 

i!3 

95 

1000 

150 

95 

1200 

200 

. 93.4 

1600 

250 

95.8 

2000 

300 

“  65.8  ” 

2400 

65.8 

2800 

400 

95.8 

3loo 

Table  F-3.  Cash  Rebates  Offered  by  Baltimore  Gas  and  Electric  for  Installing  High 

Efficiency  Motors 


Size 

Minimum 

Rebate  j 

(hp) 

Required 

efficiency 

(TEFC) 

(ODP) 

kcplaccmcnt  motors  |  (Plant  expansion 

1  motors 

Want  Mpatlaiun  & 
replacement  motor* 

1 

P"  82.5% 
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540  ! 
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S  fU.6% 

i  336  ~ 

|3F~ 

A 

L 

_  $4.0% 

i3o 

3 

— nit 

““  sio  “ 

r  ‘  JT6 

5 

— ra — 

- J773 - 

57(5 

7.5 

89.5% 

!  i  W 

$90 

10 

i  Wi% 

i  t  lb 

!  1 . ii  16 

15 

f"’  61.6% 

iiso 

1  ii5o 

20 

6i.6% 

i  176 

3176 

15 

02.4% 

5120 

l”'“~  5220 

5o 

92.*% 

~  iloo 

*266  * 

40 

93.6% 

r"““'  nsn  “i 

i.Uo 

50 

5TM 

4476 

3375  1 

5b 

h“”‘  5TM 

$490 

— rm — 

75 

“  tut 

i8bb 

- 3T3C - 

5M6 

'  513%  i 

iiiob 

r  iibb 

$400 

IT?  i 

~~  52566 

$1560 

1556 

150 

— wm> — 

$3000 

nm 

$730 

r  20b 

f  ""  03. o* i 

r~  *3266 

$2666 

$1656  ■“ 

"  256 

53M 

$3400 

$2200 

$2300  " 
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(3)  New  Construction  Programs.  Utilities  typically  offered  rebates  for  installation  of 
energy  efficiency  measures  in  new  nonresidential  buildings,  most  often  commercial  buildings. 
New  construction  offers  opportunities  to  design  and  install  energy  efficient  measures  from  the 
ground  up  that  would  be  impractical  to  install  in  existing  structures.  To  qualify  for  rebates, 
energy  efficiency  of  equipment  and  practices  must  exceed  existing  government  standards  and 
codes  for  commercial  buildings.  In  addition  to  rebates,  utilities  often  provide  co-funding  for 
design  studies  and  engineering  assistance  when  building  plans  are  modified  to  incorporate 
energy  efficient  measures. 

(4)  Energy  Audit  Programs.  Utilities  offer  customers  free  energy  audits  conducted  by 
utility  personnel  or  contracted  architectural/engineering  firms.  The  purpose  of  energy  audits  is 
to  identify  energy  efficiency  opportunities  which  may  exist  with  regard  to  facilities,  equipment, 
and  processes.  If  the  customer  subsequently  decides  to  implement  some  or  all  the  opportunities, 
they  would  likely  qualify  for  a  cash  rebate  under  the  prescriptive  or  customized  program. 

(5)  MaintenanceTune-Up  Programs.  Utilities  offer  customers  incentives  to  implement 
relatively  low  cost  tune-up  and  maintenance  measures  designed  to  improve  energy  efficiency. 
These  generally  include  such  measures  as  HVAC  adjustments,  weatherization,  motor  tune-ups, 
condenser  coil  cleaning,  fixture  cleaning,  and  low  cost  lighting  measures. 

i.  Generally,  DSM  program  incentive  offers  were  equally  available  within  the  terms  of  the 
offer  to  all  utility  customers  falling  within  the  general  customer  category.  However,  in  some 
instances,  utilities  were  found  to  restrict  offers  to  a  more  select  group  of  customers  falling 
within  the  category.  For  example,  one  utility  limited  offers  to  only  hospitals  and  schools.  In 
another  instance,  a  utility  which  serviced  customers  in  both  Idaho  and  Illinois  limited  residential 
incentive  offers  to  its  Idaho  customers  because  the  Illinois  utility  commission  declined  to 
approve  the  offers  for  Illinois  customers. 

j.  The  dynamics  of  some  DSM  programs  examined  during  the  study  were  such  that  it  was 
possible  only  to  gauge  the  broad  economic  impact  that  would  result  from  investment  in  study 
ECO.  While  precise  impacts  could  not  be  uniformly  measured,  reasonable  estimates  of 
probable  cash  rebate  savings  for  some  ECO  measures  could  be  derived.  These  rebates  are 
conservative  estimates  supported  by  detailed  examinations  of  the  actual  DSM  programs  which 
were  being  operated  by  the  utilities  at  the  time  the  REEP  Study  was  conducted.  Table  F-4 
identifies  the  estimated  cash  rebates  by  ECO  which  were  found  to  be  available.  These  estimates 
were  derived  solely  from  prescriptive  program  offers  and  exclude  additional  rebate  offers  which 
would  be  available  under  customized  rebate  programs.  The  total  potential  rebate  estimate  of 
$12,142,000  associated  with  implementing  study  ECO  is  conservative.  If  all  study  ECO 
measures  were  implemented,  the  rebate  amount  which  could  reasonably  be  expected  to  accrue 
would  likely  be  more  than  twice  this  estimated  amount  if  additional  rebate  incentives  offered  for 
customized  programs  and  additional  savings  accruing  from  DSM  program  special  rate  offers 
could  be  considered. 
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Table  F-4.  Estimates  of  Cash  Rebates  (for  the  49  Sites)  Resulting  from  Utility 

Prescriptive  Rebate  Offers 


ECO 

Total  rebate 
offer  (K) 

2X4  Fluorescent  lighting  w/felectronic  ballast 

5,471 

Compact  fluorescent  lighting 

1.988 

Exit  lighting 

249 

Occupancy  sensors 

341 

Motors 

1640 

Programmable  thermostats 

245 

High  efficiency  gas  furnace 

321 

Cool  storage 

1237 

Ceiling  insulation 

31 

Window  film 

20 

Blown-in  wall  insulation 

136 

Gas  heat  pump 

462 

Total 

$12,142 

k.  Generally,  prescriptive  programs  operated  by  servicing  utilities  did  not  include  rebate 
offers  for  the  ECO  measures  identified  below.  However,  several  of  these  measures  would 
qualify  to  receive  rebates  under  selected  utility  customized  rebate  programs. 

•  Modular  boilers 

•  Reflective  roof  membrane 

•  Water  heater  blankets 

•  Nominal  efficiency  gas  furnace 

•  Flue  dampers  with  electronic  ignition 

•  Manhole  sump  repairs 

•  Gas  chillers 

•  Digital  control  panels 

l.  Survey  findings  indicated  that  the  economic  impact  of  ongoing  DSM  programs  would 
serve  to  make  an  Army  energy  efficiency  investment  package  more  economically  attractive  than 
is  portrayed  by  the  overall  study  results  presented  in  Chapter  3.  Conservatively  estimated, 
additional  Army  cost  savings  (the  term  ‘’cost  savings”  is  used  here  to  denote  the  impact  of  cash 
rebates  since  they  were  considered  as  eventual  dollar  offsets  to  ECO  investments)  of  $12. 1 
million,  above  the  savings  levels  identified  for  the  base  case  in  Chapter  3,  would  accrue  from 
utility  DSM  programs.  This  added  cost  savings  would  be  substantially  higher  if  the  savings 
impacts  of  customized  rebate  and  special  rate  offers  were  considered. 
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APPENDIX  G 

SPONSOR’S  COMMENTS 


DEPARTMENT  OF  THE  ARMY 
ASSISTANT  CHIEF  OF  STAFF  FOR  INSTALLATION  MANAGEMENT 
690  ARMY  PENTAGON 
WASHINGTON  DC  20)19-9900 


(11-27) 


2  9  DEC  1993 


MEMORANDUM  FOR  THE  DIRECTOR  US  ARMY  CONCEPTS  ANALYSIS  AGENCY, 
ATTNl  CSCA-FSR(5-5d) ,  8120  WOODMONT  AVENUE, 
BETHESDA,  MARYLAND  20814-2797 

SUBJECTS  Renewables  and  Energy  Efficiency  Planning  (REEP)  study 


1.  Reference  memorandum,  CSCA-FSR(S-Sd) ,  2  November  1993,  sab. 

2.  Referenced  memorandum  requested  us  to  evaluate,  review,  and 
comment  on  the  REEP  atudy  draft  report. 

3.  Enoloaura  i  is  a  completed  evaluation  of  the  REEP  report  as 
requested  by  your  office  and  required  by  AR5-5. 

4.  My  point  of  contact  for  this  action  is  Qaieer  Toor,  DAIM-FDF- 
U,  COMM  (703)  355—2026 ,  DSN  345-2026. 


Assistant  Chief  of  Staff 

for  Installation  Management 
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STUDY  CRITIQUE 


(This  document  may  be  modified  to  add  more  space  for  responses  to  questions.) 


1.  Are  there  any  editorial  comments?  No _  If  so,  please  list  on  a  separate 

page  and  attach  to  the  critique  sheet. 


2.  Identify  any  key  issues  planned  for  analysis  that  are  not  adequately  addressed  in 
the  report.  Indicate  the  scope  of  the  additional  analysis  needed.  None _ 


3.  How  can  the  methodology  used  to  conduct  the  study  be  improved? 
No  change 


4.  What  additional  information  should  be  included  in  the  study  report  to  more  clearly 
demonstrate  the  bases  for  the  study  findings?  No  change _ 


5.  How  can  the  study  findings  be  better  presented  to  support  the  needs  of  both  action 
officers  and  decisionmakers?  No  change _ 


6.  How  can  the  written  material  in  the  report  be  improved  in  terms  of  clarity  of 
presentation,  completeness,  and  style?  No  change _ 
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STUDY  CRITIQUE  (continued) 


7.  How  can  figures  and  tables  in  the  report  be  made  more  clear  and  helpful? 
No  change _ 


8.  In  what  way  does  the  report  satisfy  the  expectations  that  were  present  when  the 
work  was  directed?  ....Report ,, pro,1 vLi,de.s— rxcrI  I fant-  a nd . .very,  useful  documentation 

of  the  REEP  Study. _  _ _ 


In  what  ways  does  the  report  fail  to  satisfy  the  expectations? 
None 


9.  How  will  the  findings  in  this  report  be  helpful  to  the  organization  which  directed 
that  the  work  be  done?  . Ihe.,a,nal.y.tJr.al . capability  deuelopad  and-  demonstrated 

_ln_ .the. _REEP . Sj^dly..^4nifir.AntTy,,pnhAngp^.ur^fl.  leadership's  ability  to 

manage  the  Army's  energy  program  and  policy. _ 


If  they  will  not  be  helpful,  please  explain  why  not. 
Not  applicable 


10.  Judged  overall,  how  do  you  rate  the  study? 
Poor  Fair  Average 


(circle  one) 
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APPENDIX  H 
DISTRIBUTION 


Addressee 


No  of 
copies 


Deputy  Chief  of  Staff  for  Logistics  1 

Headquarters,  Department  of  the  Army 

ATTN:  DALO-TSE 

Room  3D572,  The  Pentagon 

Washington,  DC  20310-0580 


Office  of  the  Secretary  of  the  Army  1 

Correspondence  &  Records  Center 

Management  Systems  &  Support 

ATTN:  JDMSS-CRC 

Room  3D718,  The  Pentagon 

Washington,  DC  20310-0105 


Office  of  The  Surgeon  General  1 

ATTN:  DASG-ZA 

5109  Leesburg  Pike 

Falls  Church,  VA  22041-3258 


Commander  1 

US  Army  Forces  Command 

ATTN:  AFPI-EN 

Fort  McPherson,  GA  30330-6000 


Commander  1 

US  Army  Materiel  Command 

ATTN:  AMCEN 

5001  Eisenhower  Avenue 

Alexandria,  VA  22333-0001 


Commander  l 

US  Army  Materiel  Command  l&SA 

ATTN:  AMXEN 

Rock  Island,  IL  61299-7190 


Commander  l 

US  Army  Training  and  Doctrine  Command 

ATTN:  ATBO-G 

Fort  Monroe,  VA  23651-5000 
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No  of 
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Commander  1 

US  Army  Military  District  of  Washington 
ATTN:  ANEN 
Fort  McNair 

Washington,  DC  20319-5050 


Commander  1 

US  Army  Engineer  Division,  Huntsville 

ATTN:  CEHND 

P.  O.  Box  1600 

Huntsville,  AL  35807-4301 


Commander  2 

US  Army  Construction  Engineering 
Research  Laboratory 
ATTN:  CECER-ES 
P.  O.  Box  9005 
Champaign,  IL  61826-9005 


Commander  1 

US  Army  Engineer  Activity,  Capital  Area 
ATTN:  CENAC-CD 
Fort  Myer,  VA  22211-5050 


Commander 

US  Army  Engineer  Cold  Regions  Research 
and  Engineering  Laboratory 
ATTN:  CECRL 
72  Lyme  Road 
Hanover,  NH  03755-1290 


1 


Assistant  Chief  of  Staff  for  Installation 
Management  2 

ATTN:  DAIM-FDF 
7701  Telegraph  Road 
Alexandria,  VA  22310-3860 
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Addressee 

Ho  of  I 

ooptos  1 

Deputy  Assistant  Secretary  of  the  Army 
(Installations  and  Housing) 

ATTN:  DASA-IH  (Mr.  Larry  Kelly) 

600  Army  Pentagon 

Washington,  DC  20310-0600 

1 

ASAILE,  SAILE-PIA 

ATTN:  Mr.  Jim  Dewire 

600  Army  Pentagon 

Washington,  DC  20310-0600 

l 

Commander 

Foreign  Science  and  Technology  Center 

220  7th  Street  NE 

Charlottesville,  VA  22901-5396 

1 

Commander 

Army  Research  Institute 

ATTN:  PERI-SM 

5001  Eisenhower  Avenue 

Alexandria,  VA  22333-5600 

l 

Defense  Technical  Information  Center 

ATTN:  DTIC-FDAC 

Cameron  Station 

Alexandria,  VA  22314-6145 

1 

USASCAF 

The  Pentagon  Library 

ATTN:  JDHQ-LR  (Army  Studies) 

Room  1A518,  The  Pentagon 

Washington,  DC  20310-6000 

1 

President 

National  Defense  University 

ATTN:  NDU-LD-CDC 

Washington,  DC  20319-6000 

1 
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No  of 
copies 


Director  1 

Strategic  Studies  Institute 
ATTN:  AWCI 

Carlisle  Barracks,  PA  17013-5050 


Commander/Director  1 

US  Army  Engineer  Studies  Center 

Casey  Building,  No.  2594 

ATTN:  ESC-AO  (Security  Officer) 

Fort  Belvoir,  VA  22060-5583 


Commander  1 

US  Army  Corps  of  Engineers 
ATTN:  CEGC 

20  Massachusetts  Avenue,  NW 
Washington,  DC  20314-1000 


Internal  Distribution: 

Reference  copy: 

Unclassified  Library  2 

Record  copy: 

Originating  office  (C  iCA-FSR)  50 
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GLOSSARY 


ABBREVIATIONS,  ACRONYMS,  AND  SHORT  TERMS 


AMCCOM 

AR 

ASAELE 

BRAC 

CAA 

CENET 

CERL 

CONUS 

DOD 

DOE 

DSM 

ECAM 

EC  IP 

ECO 

EPACT 

EO 

FOMOA 

FY 

GOCO 

GSA 

HQDA 

HVAC 

IAW 

kW 

LCC 

LSCIP 

MACOM 

Mbtu 

MCA 

MELCON 

MOF 

NPR 

OMA 

OPA 

OSD 

OSL 

PAA 

PCIP 

PECIP 

PIF 

PIP 

PPBES 

QRA 

QRIP 

RDA 

REEP 

REESIN 


Ammunition  and  Chemical  Command 
Army  regulation 

Assistant  Secretary  of  the  Army  for  Installations,  Logistics,  and 
Environment 

Base  Realignment  and  Closure 

US  Army  Concepts  Analysis  Agency 

US  Army  Corps  of  Engineers  National  Energy  Team 

US  Army  Construction  Engineering  Research  Laboratory 

continental  United  States 

Department  of  Defense 

Department  of  Energy 

demand  side  management 

Energy  Conservation  and  Management  Program 

Energy  Conservation  Investment  Program 

energy  conservation  opportunity  (ies) 

Energy  Policy  Act  of  1992 
Executive  Order 
Force  Modernization  Analyzer 
fiscal  year 

government-owned,  contractor-operated 
General  Services  Administration 
Headquarters,  Department  of  the  Army 
heating,  ventilation,  air  conditioning 
in  accordance  with 
kilowatt(s) 
life  cycle  cost 

Labor-Saving  Capital  Investment  Program 

major  Army  command 

million  British  thermal  units 

Military  Construction,  Army 

military  construction 

model  objective  functions 

National  Performance  Review 

Operations  and  Maintenance,  Army 

Other  Procurement,  Army 

Office  of  the  Secretary  of  Defense 

Optimization  Subroutine  Library 

Procurement  of  Ammunition,  Army 

Productivity  Capital  Investment  Program 

Productivity  Enhancing  Capital  Investment  Program 

Productivity  Investment  Funding 

Product  Improvement  Program 

Planning,  Programming,  Budgeting,  and  Execution  System 
quick  reaction  analysis 
Quick  Return  of  Investment  Program 
Research,  Development,  and  Acquisition 
Renewable  and  Energy  Efficiency  Planning  (REEP)  Study 
Renewables  and  Energy  Efficiency  Sustainable  Investment 
(REESIN)  QRA 
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RIM 

REEP  Investment  Model 

SEER 

Seasonal  Energy  Efficiency  Rating 

SERDP 

Strategic  Environment  for  Research  and  Development  Program 

SES 

Shared  Energy  Savings 

STON 

short  ton 

TOA 

total  obligational  authority 

US 

United  States 

use 

United  States  Code 
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